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Ocean — 


overing around 70 per cent of our planet’s 
( surface and home to more than 200,000 , 
known species, the world’s oceans are P : 
vital to life on Earth. However, despite producing 
around half the world’s oxygen and helping to . 
regulate our climate and weather patterns, 
human behaviour has put our incredible oceans ‘ 
‘and the amazing animals within them at risk. co] 
In Book of the Ocean, we go beneath the " 
surface to explore the fascinating secrets of . 
the sea and take an in-depth look at some of 
the planet’s magnificent marine creatures, from 
killer whales and sea turtles to seahorses and 
starfish. We also explore what we can 
do to help protect these vitalenvironments ~~ ‘ 
and discover ten of the most endangered 
ocean species. 
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DID YOU KNOW? 





NTRODUCI 


OCEAN 





Dynamic, rich in resources and teeming with 
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Words by Michael Simpson 


most of it is underwater. Approximately 71 per 

cent of the surface, or about 360 million 
square kilometres (139 million square miles), is 
covered by the vast expanse of the ocean. 

We often refer to ocean and sea as if they are 
the same thing, but seas are technically smaller 
areas of saline water that are at least partially 
enclosed by land, such as the Mediterranean 
Sea and the Baltic Sea. In contrast, the ocean is a 
single continuous body of water that encircles 
the globe. As it would be difficult to navigate, 
study or describe an ocean of that extent, maps 
of the world show it subdivided into five ocean 
basins called the Pacific, Atlantic, Southern, 

an and Arctic Oceans. 
Nhether we talk about one ocean or s 


- l tis ironic that we call our planet Earth as 









force behind processes that enable life to 
flourish on land. Yet, we knowvery little about 
what is happening beneath the waves. 
Therefore, we may be putting ourselves at risk if 
we continue to overexploit and undervalue the 
resources the ocean provides. 


THE GREAT FLOOD 

The ocean contains over 13 billion cubic 

kilometres (312 million cubic miles) of saline 

water and about 97 per cent of all the water on 

Earth. What continues to puzzle scientists is 

where all that water came from. By comparing 

the detailed chemical composition of ocean 

water with that of water found elsewhere, s 


though, experts have theorised that the ocean 
formed over aeons through two main processes. 
as probably 


Some of the first ocean wate: 


din the rocks that formed the - 
eriods ofits history. Whe 









water was released, the intense heat of the 
mantle turned it to vapour. This vapour was 
subsequently ejected into the atmosphere by 
volcanoes. In the cooler atmosphere, this vapour 
condensed into water droplets that became rain. 
Because the plates forming the planet's early 
crust thickened over millions of years, the 
temperature of the surface steadily declined. 
Instead of evaporating again when it fell, the 
water in these primordial rain showers began to 
collect in basins and depressions. 

Other water may have arrived from space after 
the Earth was formed. Ice on the surface of 
comets or trapped in meteorites that struck the 
Earth may have melted and added to the water 
that was accumulating from rain showers. 

No one knows which of these processes was 
most important, but together they are thought to 
have formed the first ocean between 
approximately 4.2 billion and 3.5 billion years 
ago. About 2 billion years later, ocean waves 
were lapping at the shores of the first great 
supercontinent as the water became 
progressively deeper. Today, the deepest point in 
the ocean is believed to be in the Mariana 
Trench and you would have to go down to almost 
11 kilometres (6.8 miles) to reach the bottom. 

Although the ocean basins have filled up since 
prehistoric times, the amount of liquid water 
they contain has fluctuated according to 
changes in climate. We know this from fossils 
and human remains that show that people and 
animals once migrated across land bridges, such 
as the Bering Strait between Russia and North 
America. Land bridges form when a drop in 
global temperatures causes some ocean water to 
form icebergs, resulting in a drop in sea level. As 
temperatures rise again, the ice melts, refilling 
the ocean basins. 


THE ATMOSPHERE’S ENGINE 
The process of water cooling and warming is also 
akey driver of ocean currents that constantly 
circulate the globe. These currents distribute 
energy, along with nutrients and living things, in 
a continuous cycle that affects life everywhere. 
Water in roughly the top 100 metres (328 feet) of 
the ocean is moved by winds from warmer 
tropical to colder polar regions of the planet. 
There, the water becomes denser and less saline 
as it cools and some turns to ice. This denser 
water sinks and is replaced at the surface by less 
dense inflowing water. When that water also 
sinks, it pushes what is further down the column 
back towards the tropics, forming a current of 
deep water. This becomes less dense as its 
temperature increases and it accumulates salts. 
Eventually, the warmed water rises to the 
surface again and meets the winds that will 
drive it back towards the poles. 
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Hydrothermal vents 


Hydrothermal vents occur in the deep 
ocean, often where tectonic plates are 
Coxe) [Tel fate me) mm raven lave Wt-) ey-)a mesi=t-\e-1 Ro) g 
percolates through the crust to the 
magma below, and is heated to around 
400 degrees Celsius (752 degrees 
Fahrenheit). The heat drives chemical 
reactions that remove oxygen and other 
chemicals from the water, and leach 
metals such as iron, copper and zinc 
from surrounding rocks. The water then 
rises back out of the fissures and 
encounters cold seawater, causing 
sulfides to precipitate out of the solution 
Flite McolanaMuelolllt-lam ne) (-) g-om whYcelgele(sya] 
sulfide gas released by these processes 
KMer-| olde la =tem onvmeyd(eltilatem ef- lease t-B-lale| 
turned into chemical energy using a 
process called chemosynthesis. These 
bacteria are the primary source of energy 
for many other organisms, including 
tubeworms, shrimps, mussels, feather 
stars, fish and crabs. Unfortunately, rich 
deposits of silver, gold and other valuable 





A Sub Atlantic Comanche ROV 
(remotely operated underwater 
vehicle) being put in place 


Hydrothermal vents Were first 
discovered near the’Galapagos 
Islands in the Pacific Ocean in 1977 


minerals near hydrothermal vents put 
these fragile ecosystems at risk from 
commercial exploitation. 





— 
In March 2011, an earthquake 
triggered a tsunami wave of up 


to ten metres (33 feet), which 
engulfed large parts of ) 
north-eastern Japan 


Leatherback sea turtles 
travel thousands of 
kilometres underwater 
lol-lcoyccMaliadulave me) aval r-lave| 
to lay their eggs 





This process acts like a conveyor belt, moving 
water and heat around the Earth. However, it is 
not the only way in which the ocean influences 
temperatures and the distribution of water 
around the planet, as it works in tandem with 
the water cycle. 

The water cycle functions 
much like the process that - 


V? Until recently, only four ocean basins had names. The Southern Ocean was officially recognised in 2000 
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Length of the mid-ocean ridge, the 
Earth’s longest mountain range 
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Maximum ste of the Earth’s 
largest animal, the blue whale 
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4,771,602, 


Lie of food das a 
collected in 2019’s 
International Coastal Cleanup 


movement of heat by ocean currents, moderates 
temperatures in places where they might 
otherwise be inhospitably hot or cold. Without 
the ocean, therefore, life may not have adapted 
to some environments, and conditions 
everywhere would be very 
different indeed. 
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ocean. Evaporation from 
ocean and land surfaces sends 
water vapour into the 
atmosphere, which is 
transported around the globe 
by air currents. At cooler 
latitudes and elevations, this 
vapour condenses to form clouds, and some of it 
falls back to earth as precipitation, usually rain 
or snow. 

Evaporation captures latent heat from the 
atmosphere, which is released elsewhere by 
condensation. This process, together with the 





United Nations targeted 
for protection by 2020 
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Approxintate pressure of water in 
the deepest parts of the ocean 


10,994... 
(36, 070::) 


The deepest point measured in the ocean so far 


Inevitably, nowhere is more 
impacted by the dynamic nature 
of the ocean than areas within and 
near the ocean itself. Scientists 
have found rocks that may contain 
evidence of bacteria living inthe 
ocean more than four billion years 
ago. Now the ocean harbours examples of the 
smallest and largest organisms on Earth, while 
representatives of all the major taxa either live in 
or obtain resources from the ocean. 

To get a better idea of the diversity, 
distribution and abundance of ocean life, more 
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than 2,500 of the world’s top marine scientists 
contributed data to the Census of Marine Life, an 
international effort to catalogue oceanic species 
and better understand what steps we need to 
take to conserve them. As of 2011, this effort had 
produced more than 30 million records that 
could potentially include more than 6,000 new 
marine species. 

Yet, this just scratches the surface when it 
comes to ocean ecology, as we have only 
explored about five per cent of marine habitats. 
Large areas are currently hard to access, 
especially the deep-sea zones far down where 
there is no light and water pressures are 
enormous. Even so, studies of abyssal 
ecosystems, such as hydrothermal vents, have 
shown that even the ocean’s extreme 
environments are far from lifeless. 

Species diversity is generally much greater at 
zones near the ocean surface, but even there it is 
difficult to study, because much of itis 
microscopic. Countless species of plankton and 
krill are carried around the globe by ocean 
currents. One scientist working on the Census 
of Marine Life discovered more than 20,000 
types of microbes ina single litre (1.8 pints) of 
ocean water. 


“Atlantic bluefin tuna 
can travel at dlmost 80 
kilometres an hour” 


Even though these microorganisms are tiny, 
they have a huge impact on other life. Ocean- 
living phytoplankton produce around half of the 
oxygen in the Earth’s atmosphere. Krill, 
meanwhile, prop up much of the marine food 
chain and are eaten en masse by creatures much 
bigger than themselves, suchas the largest 
animal to ever exist on Earth, the blue whale 
(Balaenoptera musculus). 

It’s not just the open ocean that’s teeming with 
life. Tropical reefs are habitats for exotic fish and 
corals, while coastal mudflats support huge 
flocks of shorebirds drawn to the invertebrates 
that live in the mud. Also, the rising and falling 
tides, driven by the gravitational pull of the 
moon, have created unique ecosystems, such as 
mangroves, where organisms must be adapted 
to frequent changes in water level. 

To discover more about life in the ocean, 
scientists are employing the latest technology, 
including research vessels that are capable of 
breaking through polar ice, as well as 
sophisticated submersibles and autonomous 
landing vehicles that can collect imagery and 
acoustic, chemical and optical measurements 
from great depths. Other sources of information 
include advanced computer software that can 
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Earth’s 
ocean 





= Arctic Ocean 
The world’s northernmost ocean is its smallest at 
15.6 million square kilometres (6.0 million square 
miles). It borders Alaska, Canada, Russia, Iceland, 


Norway and Greenland down to about 60 degrees 
north latitude. 


How geographers have divided 
up the Earth’s global ocean 





Atlantic Ocean 
Second only to the Pacific in extent, this 
ocean basin occupies around 85.1 
million square kilometres (32.9 million 
square miles) between the American 
continent, Europe and Africa. 


DID YOU KNOW? Since 1921, mapping of oceans and seas has been overseen by the International Hydrographic Organization 


















Pacific Ocean 
Earth's largest ocean basin borders on North Atlantic bluefin tuff 
and South America, Australia, Russia and hatcueemoverished 
Asia, covering about 168.7 million square to the point that some 
kilometres (65.1 million square miles) from populations are 
the Antarctic to the Arctic. Tarenwaccyarer-late(-lacvel 





Indian Ocean 
Bordering Africa, Asia, Australia and 
India, this ocean basin covers 
approximately 70.6 million square 
kilometres (27.3 million square miles), 
although exactly where it becomes the 
Atlantic and Pacific Oceans is unclear. 


Southern Ocean 
The world’s newest ocean basin surrounds 
Antarctica up to 60 degrees south latitude and 
has an area of about 22.0 million square 
kilometres (8.5 million square miles). 
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The layers we use to describe the ocean depths based on light 


Continental Sh 





Sperm Whale 
Maximum depth 
3,300ft / 1,000m 


Continental Slope 


Depth at which 
RMS Titanic rests 
Continental Rise 12,500ft / 3,800m 
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Ocean Basin 


The height of 
Mount Everest 
8,848m 





Depth James 
Cameron reached 
35,756ft / 10,898m 
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W? Sodium chloride is seawater’s most common salt, but potassium, magnesium and calcium salts are found 







































































translate sonar readings into three-dimensional 
maps of the ocean floor, and thermal imaging 
satellites that provide graphical images of ocean 
currents, temperature variations and other 
processes that are constantly in flux. 

Tagging is also being used to follow the 
movements of animals such as tuna, whales, 
seals, seabirds and turtles. It has helped 
biologists discover that Arctic terns (Sterna 
paradisaea) can migrate back and forth between 
the Arctic and Antarctic over distances of around 
90,000 kilometres (55,923 miles), leatherback sea 
turtles (Dermochelys coriacea) travel thousands 
of kilometres underwater before hitting dry 
land to lay their eggs, and Atlantic bluefin tuna 
(Thunnus thynnus) can travel at speeds of 70 
kilometres (43 miles) an hour. We might never 
have made these discoveries if scientists had not 
been able to build tracking devices capable of 
withstanding the demanding conditions these 
organisms encounter in or around the ocean. 


ANO VN FOR THE FUTURE 
One reason that scientists are studying Atlantic 
bluefin tuna is that there are relatively few of 
these magnificent fish left. Along with Pacific 
bluefins and other commercially valuable 
species, they have been overfished to the point 
that some populations are now endangered. 
Sadly, it is not just the fish that trawlers mean 
to reel in that are being caught in excessive 
numbers. Active fishing nets also trap non-target 
fish, mammals, sea turtles and other marine 





animals. In addition, so-called ‘ghost nets’ - 
fishing nets that have been lost or simply 
dumped in the ocean - are entangling large 
numbers of fish, mammals, turtles and seabirds. 
Once ensnared, these unfortunate creatures 
drown or starve to death. 

Moreover, fishing is only one of several 
human activities that are threatening ocean life. 
One of the most topical issues in marine 
conservation is the disposal of plastics and 
medical waste. Too much of bothis already 
being carried with other garbage by ocean 
currents and collecting in places suchas the 
Great Pacific Garbage Patch. Unfortunately, the 
COVID pandemicis likely to have made this 
problem worse, as it has resulted in the disposal 
ofa huge number of face masks, many of which 
will end up in the ocean. 

Other forms of pollution are also affecting the 
ocean, including sewage, fertiliser and 
detergent runoff. These discharges can cause a 
breakdown of oxygen in coastal waters and put 
excess nutrients into solution, leading to algal 
blooms. Coastlines are also being impacted by 
development that removes precious habitat or 
makes beaches inaccessible to animals such as 
the leatherback sea turtle. Ships can damage 
important marine habitats, too, by leaking oil, 
dumping ballast water or dropping anchors on 
fragile coral reefs. 

The biggest threat to the way the ocean works, 
though, is climate change. It has the potential to 
alter the temperature difference between the 
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tropics and the poles, and thereby disrupt the 
currents that form the ocean’s heat distribution 
conveyor belt. Furthermore, the ocean food 
chain relies heavily on the distribution of 
nutrients to warmer regions to fuel the growth of 
plankton. By changing precipitation patterns 
and causing icebergs to melt, climate change 
could also alter the water cycle and lead to arise 
insea level. This would flood some islands and 
shorelines. The results could be catastrophic for 
some marine species, and could devastate 
human communities that live in low-lying 
coastal areas. 


OCEAN E 
Because many of us do not live near the ocean, it 
is easy for us to take it for granted and remain 
unaware of the vital role it has played 
throughout Earth’s history in making and 
keeping the planet hospitable. Our image of the 
ocean, informed by literature, art and popular 
culture, is ofa realm of wonder, mystery and 
drama. Tsunamis and hurricanes show its 
awesome power to destroy. But the more we 
learn about the ocean, the more it becomes clear 
that it is a surprisingly fragile environment that 
we need to respect and care for in the interests of 
all life on Earth. 





Goat Island Marine Reserve in New 
Zealand was established in 1975, and was 
New Zealand's first marine reserve 
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THE PLAST 
PROBLEM 


Plastic waste is choking the planet. What can we 
do to clean the trash from the oceans? 
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DID YOU KNOW? Drinks containers, like plastic bottles and coffee cups, make up over a tenth of our litter 


omewhere between Hawaiiand 

California, a vast inflatable coastline 

sweeps through the sea. Beneatha 
600-metre-long float, a three-metre deep skirt 
rakes the ocean. Forced along by wind and 
waves, it moves faster than the currents, 
bending as it travels to form a U-shaped net. Fish 
dive beneath to escape its advances, but as the 
system roams the water it gathers a strange 
catch. Braving gales and storms and resisting the 
corrosive effects of sea salt, System 001sends 
signals to satellites overhead and boats close by 
to collect a haul unlike any other. This net is 
trawling the great Pacific Garbage Patch, and its 
job is to clean up the sea. 


The Pacific Garbage Patch is a trash vortex; a 
swirling gyre of waste caught up in ocean 
currents. While not the literal island of rubbish 
sometimes described in the 
media, its waters are strewn with 
small chunks of floating debris. 
Churned by the action of the 
waves, the pieces bob up and 
down in the water column, 
circulating with the currents. 
Invasive species hitch a ride on the travelling 
plastics, making their way to waters nature 
never intended for their occupation. Sea birds, 
marine mammals and fish mistake the floating 
chunks for food, filling their bellies with 





“The Pacific 
Garbage 
Patch is a 
1B ras A VO rte D4 '’ the first of anetwork of 60, and the 


indigestible trash. The pieces that remain wear 
away under the relentless rocking, rubbing 
microscopic plastic splinters and toxic chemicals 
into the water. 

Deployed on 16 October 2018, 
System 001 aims to clear half of the 
rubbish from the Pacific Garbage 
Patch over the next five years. It is 


result of more than 270 scale model 
tests and six prototypes. Pushed along by 
natural forces and equipped with solar-powered 
electronics, System 001 quietly follows the flow 
of the water. It’s got lights and GPS to warn 
sailors, and it moves slowly enough that fish 


The plastic 
problem 


How does plastic get out 
into the environment? 


Constant _ 
consumption 
The world produces 300 
million tons of plastic each 
year, half of which we use just 
once before discarding it. 


Contaminated 
water 
Over 110,000 tons of 
microplastics wash over 
agricultural land in North 
America and Europe every 
single year. 


In the laundry 

Acrylic clothes release 
over 700,000 plastic fibres 
per 6kg wash. Polyester 
releases nearly 500,000. 


Plastic per 
person 
The average person in the EU 
makes 31kg of plastic waste 
every year. 


Microplastic 
soup 
There are more than 5 trillion 
pieces of plastic floating 
about in the oceans. 


Rivers of 
rubbish 
Our rivers carry around 
100,000 rubbish trucks’ 
worth of plastic waste out to 
sea each year. 


Out to sea 

12 million tons of plastic 
makes it out into Earth’s 
oceans via rivers, beaches 
and drains every year. 


On the beaches 

For every mile of UK 
beach you can expect to find 
5,000 pieces of discarded 
plastic waste. 
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have plenty of time to get out of the way. Plastic, 
on the other hand, can’t escape: trapped 
between the inflatable float and the solid skirt, it 
has nowhere to go. Load by load, sea-going 
rubbish trucks will retrieve the waste and start 
to clear the ocean. If all goes well, the project 
could roll out across the globe to remove go per 
cent of our floating junk by 2040. 


HOW DID WE GET HERE? 

It’s barely more than 100 years since Leo 
Baekeland invented the first fully synthetic 
plastic. Developed to insulate electrical wires at 
the tail end of the second industrial revolution, 
this new material was unlike anything seen 
before. Cheap to produce, resistant to heat and 
highly mouldable, it could be anything people 
wanted it to be, and its appearance kick-started 
a wave of chemical innovation. 

All plastics have the same basic structure. 
Zoom in and most look like strings of pearls, 
with long, repeating chains that melt when they 
heat up and set hard as they cool. What makes 
them special is their versatility. We can extrude 
them into thin sheets, press them between 
rollers, blow them into bubbles, cast them like 
metal or vacuum mould them into 3D shapes. 
Changing the chemical building blocks of the 
chains can alter their flexibility, melting point 
and ability to resist chemicals. Additives 
between the chains can change their colour, 
make them fire-proof or kill bacteria, and adding 
branches to the chains can make them tangle, 
forming knots that don’t melt and locking 
finished plastics into permanent shapes. 

These incredible materials are cheap, clean 
and waterproof. They can be thick or thin, bendy 
or brittle, brightly coloured or completely clear. 
We can wear them against our skin, wrap them 
around our food and use them to construct 
everything from pens and tinsel to smartphones 
and spaceships. Plastics are strong enough to 
support buildings, light enough 
to fly and slippery enough to stop 
eggs sticking to frying pans. But 
these wonder materials are so 
cheap that we don’t think twice 
about throwing them away. 

Today, we make 300 million 
tons of plastica year, half of 
which goes straight in the bin. We waste 1 
million plastic bottles a minute, halfa million 
plastic straws a day and 4 trillion plastic bags 
every year. Of all the plastic we have ever made, 
nearly 80 per cent is in landfill or littering the 
natural world. Nearly a third of plastic packaging 
goes straight out to sea, where it will stay for 
several human lifetimes; enzymes made by 
living things can’t touch the human-made 
chains that make plastic so strong and durable. 
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“Making paper 
produces more 
pollution than 
making plastic” 











DURABLE 
CHAINS 


Strong plastic is both useful 
and an environmental threat 
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Simple links 

The monomers (repeating 
units) synthesised into 
plastics are often derived 
from fossil fuels. 
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WHAT CAN WE DO? 


The Ocean Cleanup project sits at the very end of 
the plastic economy, mopping up the river of 
waste pouring out of our homes and businesses. 
But, as System 001 scours the sea, people across 
the globe are stepping up to battle the plastic 
production line. 

The biggest plastic-producing sector is 
packaging. There are bags, trays and films made 
from low-density polyethylene (LDPE); milk and 
shampoo bottles made from high-density 
polyethylene (HDPE); water 
bottles and cleaning fluid 
bottles made from polyethylene 
terephthalate (PET); plates, cups 
and cutlery made from 
polystyrene; insulated 
packaging made from 
expanded polystyrene; and 
bottle caps, crisp packets and ice cream tubs 
made from polypropylene. Across the world, we 
use an estimated 10 million plastic bags every 
single minute. To stem the plastic tide, it makes 
sense to start here. 

Since it launched in 2017, more than 50 
countries have signed up to the UN Environment 
Clean Seas campaign. Single-use plastic is now 
firmly in the firing line, and countries across the 
world are phasing them out. Taiwan is ramping 
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most widely used 
polymers. Methanol, 
a by-product of PET 
synthesis, is 
typically incinerated. 


up toa total ban on single-use straws, cups and 
plastic bags, Zimbabwe plans to ban expanded 
plastic food packaging, and Kenya has already 
made plastic bags illegal; people found making, 
selling or using them face a fine of up to £30,000 
(approximately $38,000) or up to four years in 
prison. They may seem drastic, but these tactics 
are working. In the UK, a 5p tax on single-use 
plastic bags has seen the number of bags used in 
England drop by more than 80 per cent. 

Bags, straws and microbeads are some of the 
easiest targets; switching to non-plastic 
alternatives is cheap and simple. But when it 
comes to other single-use products like bottles, 
cutlery and coffee cups, the challenge is greater. 
One option is to replace plastics with traditional 
materials. We could use glass, metal, paper, card 
or jute (vegetable fibre). Yet, while recyclable, 
these materials aren't always better for the 
environment. Making paper produces more 
pollution than making plastic, and it also 
consumes more energy and more water. And, 
while glass production is more environmentally 
friendly, the containers themselves are heavy 
and bulky, racking up more pollution when 
products are eventually shipped out. 

Creative start-ups are already experimenting 
with new options, including cutlery made from 
wheat, water bottles made from seaweed and 


DID YOU KNOW? Before synthetic plastics people used natural polymers like horn, tortoiseshell and rubber 


The bacteria that eat plastic 


In 2016, scientists found a plastic-munching 
bug at a bottle recycling facility in Japan 
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PETase 

The bacteria makes enzymes 
called PETases, which break 
down the plastic polymer chains. 
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Breakdown 
The enzymes break the PET 
polymer into chunks of mono(2- 
hydroxyethyl) terephthalic acid. 
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PET 

Polyethylene 
terephthalate (PET) is 
the kind of clear plastic 
used in drinks bottles. 


Ideonella 
sakaiensis 

Scientists discovered a 
species of bacteria that has 
evolved to use PET as food. 


Ethylene glycol pice acid 





Digestion 
The bacteria take up the chemical chunks and 
split them apart to make their own molecules. 
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Ecostrawz 

Ecostrawz make reusable and 
single-use straws without any 
plastic. Their glass and metal 
options last for a good few years, 
while their bamboo and wheat 
versions rapidly decompose. 


KeepCup 

The makers of these reusable 
cups designed them with takeaway 
coffee in mind. With replaceable 
parts made from plastic, glass and 
silicone, they’re designed to last for 
years, not minutes. 


BioCellection 

This California-based start-up 
focuses on contaminated plastic 
waste that’s too dirty to recycle. 
They shred the waste, decompose 
the polymers and turn the plastic 
into chemicals that can be used for 
something new. 


Recycling Technologies 

This company uses heat to 
crack through plastic polymers. 
Their recycling process breaks up 
the long strands, turning them back 
into oil and gas that can then be 
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used again. 


Plastic 
polymers are 
feyateeoratelials) 


mo)\nnlciag 
folate as 
(oxo}aleel ia} 


Thermo- 
plastics melt 
when they 
get hot, 
ixeicelaaaliare) 
into new 
shapes. 


Polymers 
also exist in 
nature, but 

their 
folatelanl(ere]| 
: bonds break 
free) Van an\elac) 
easily. 


of molecules | thousands of | 


linked by 
carbon- 
carbon 

bonds. 


repeating 
subunits 
called 
monomers. 


Thermosets 
fix into one 
shape and 
don’t melt 

when 
lateral tae p 


; There are 

: seven kinds 

: of plastic, 

sorted 
Hur-levere) cel] ale nite) 
their 

folatclaal{erel| 

: similarities. 


(Oi nveraal(erel| 
additives, like 

dyes,can_ } 
slot between : 
the polymer 

chains. 


The raw 
ingredients 
ike) m0) Felsiu(ors) 

are 
la\yel cers 
carbons 
from coal, 
gas and oil. 


Vegware 

This company sell plant-based 
disposable packaging to cafes, 
restaurants and bars. When 
combined with food waste and 
sent to industrial recycling facilities 
Vegware becomes compost in just 
12 weeks. 





A Easy Difficult 
A Manageable A Very difficult 


The challenge of recycling 
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Some items are harder to reycle than others 
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PET HDPE PVC LDPE PP PS OTHER 
Polyethylene High-density Polyvinyl Low-density Polypropylene Polystyrene _: Nylon fabrics, baby 
terephthalate polyethylene chloride polyethylene Bottle tops, Plastic-foam cups, ; bottles, compact 
Bottles, food jars, Detergent and Credit cards, Packaging film, drinking straws, egg boxes, meat discs, medical 
clothing, carpet bleach bottles, window and bags, bubble wrap, | lunch boxes, trays, packing | storage containers, 

fibre, some snack boxes, milk doorframes, flexible bottles, coolers, fabric and ' 


shampoo and 


jugs, toys, buckets, 


gutters, pipes and 


wire and cable 


: carpet fibres, tarps 


peanuts, coat 
hangers, yoghurt 


car parts and 
watercooler 


mouthwash bottles. ; plant pots and bins. synthetic leather. insulation. and nappies. ; pots and insulation. bottles. 
11% 
(global plastic waste, 2015) 14% 5% 20% 19% 6% 24% 
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six-pack rings made from barley. Designed to 
disappear after you use them, they satisfy the 
craving for single-use solutions without 
polluting the planet. But knocking plastic off the 
top spot will take time. Until then, we need to 
work with what we've got. 

In Japan, there are no plastic bans yet. Instead, 
they focus on waste management, prioritising 
recycling so that trash never reaches the sea. 
Non-recyclable plastics pass through 
incinerators, releasing heat that turns turbines 
to make electricity. This approach tries to turn 
our linear model of product design, consumption 


A lifetime 
of plastic 





Total 

In 2015 we produced a 
whopping 448 million 

tons of plastic globally. 
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We produce it by the ton but 


use it for a relatively short time 
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Other (includes health care and agriculture) 
52 million tons produced in 2015 
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and waste into a more circular system. The g 300 
dream would be to close the loop so that all eo YD real machinery 
discarded plastics become raw materials for 5 es Se 
future production. Changes to design and a N [| 
recycling could make products last longer, make ea : 
h ‘ort frandeastort t On Transportation 

them easier to repair and easier to repurpose a’ iH % 30million 
the end of their life, and changes to energy a - Po 
recovery methods could help us to get more out at 
of plastics too contaminated for reuse. 5 Electrical 200 

Thi isal INE ; Z w 19 million 

is process is already underway. nEurope,a S ef Legacy of WWII 
goal set in December 2017 aims to see 55 per cent cas ae) Shortanes olnatiral material 
of plastic packaging recycled by 2030. But there’s 5 during WWII led to a search for 
only so much we can do in our own homes to 7m Textiles synthetic alternatives. This in 
: Yn illi turn caused a huge explosion 
recycle the goods we buy. To help us to achieve = ce souls of plastic pradtiction that is yet 
this goal, policy changes could start to make te Cam to stop. 
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companies responsible for what happens to 


their products after we’ve used them. In South Consumer products 


100 


© 46 million 
Africa, for example, members of the PET = | 
Recycling Company pay a levy on the raw i 
materials for plastic production. This money + Packaging 
then goes back into redesigning packaging and 5 161 million 
recycling post-consumer waste. Not only does Ms | 


1973 oil crisis 


this help the planet, it also creates jobs, which 
can be better for economies than banning 
plastics all together. Back in the UK, the UK 
Plastics Pact is working with the packaging 
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The Ocean Cleanup The floating nets collecting waste in the oceans 





Chasing plastic 

Athree-metre skirt dangles from a 600-metre 
floater. Wind and waves push against the floater, 
moving it through the water faster than the 
plastic, which floats in the current. 


Corralling the plastic 

Plastic particles cannot get over the floater or 
under the skirt. As the wind and waves move the 
structure through the water the plastic becomes 
trapped inside. 


Build up 

Pressure on the skirt from the current bends 
the system into a U-shaped trap, preventing 
plastic from escaping. It moves with the wind, 
tracking the plastic through the water. 


DID YOU KNOW? Recucling plants sort, shred, wash, melt and pellet old plastics to make them ready for new products 


How much plastic do we produce? 
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How heavy is 8.3 billion metric tons? 





160,985 x Sydney 4 million x 
Harbour Bridge London Eye 
58,200 metric tons 2,100 metric tons 


sector to transition to reusable, recyclable or 
compostable plastics. They also want to bring 
plastic recycling to 70 per cent by 2025. 

Scientists are experimenting with 
biodegradable plastics, like polylactide (PLA). It’s 
made from lactic acid, which comes from corn, 
and it takes just 12 months to break down. For 
plastics that we can’t recycle, new methods hope 
to capture more energy from waste by turning 
them into fuels. A process called gasification 
heats plastics with air to make a gas that can be 
burnt. Another, called pyrolysis, heats them 
without air to make a liquid fuel like oil. 

There are still problems to iron out with these 
new technologies. Burning plastic waste can be 
hazardous, and to make enough biodegradable 





Clean up 

The system sends signals to satellites 
overhead, keeping operators updated about its 
status. As plastic starts to build up, support 
vessels come in to gather the waste. 
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1 billion x 
Elephant 


7.5 metric tons 


75 million x 
Dreamliner 
110 metric tons 





Recycling helps to create a ‘circular economy, 


feeding waste back into production 


plastics to replace the real thing we would need 
to turn over vast areas of land to corn 
monocultures. Then there is the fact that even 
though biodegradable plastics can break down, 
it doesn’t mean that they will. They need to reach 
temperatures over 50 degrees Celsius, which is 
achievable inside industrial composters, but not 
when plastics escape into the ocean. But we're 
moving in the right direction, and we all havea 
part to play. 

We as individuals can choose alternatives to 
plastics and put pressure on governments and 
brands to make bigger changes. If we focus on 
reduction, reuse and recycling, we could close 
the loop in the plastic economy and stop this 
incredible material leaking out into the sea. 


Recycling 

The collected plastic returns to shore for 
proper disposal. Meanwhile, the system 
continues to move through the water collecting 
even more waste. 


Why won't plastic 
jo) foye(=re] pale (=¥g 


IY [Ket we) oY=t-me [UI (ol ¢hvme (=i mi mom (ola @elamelcey-lal(e 
waste, like paper and vegetable peelings, 
but they can’t get to grips with plastic. 
This might seem odd, as we make plastic 
from oil, which comes from the remains 
of ancient plants and animals, but it’s all 
down to the way plastic is made. 

Natural polymers use chemical links 
(or-) |{=Xe of=) ova (e(melolalecmmnVall(-M el relia le 
polymers contain carbon-carbon bonds. 
These bonds are much stronger, and 
that’s both a gift and a curse. Most of the 
enzymes living things use to break 
oy ney allem ance) (=elel (-x-melonamer- lila mtet-lat-\e (mae) 
break these links. This helps to make 
plastics so durable, but it also makes 
them hard to get rid of. 

There are only a handful of organisms, 


Tacedielellave moxoyan(sMallave| @-lnleMoy-(elnclat-e 
(or-]oy-)o)(=Meymolact-ldiave mantle mee 0am 
Scientists are still working out how best 
to use them. Ironically, if more organisms 
eyo amg) Mag (oem imeolel(emolUiman(-Mellle-leli ii avg 
of vital plastic structures under threat. 


Approximately 2.1 billion tons of waste is alnaneee 
globally every year 
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1 mont 
For a paper bag to decompose 
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2 months 
To get rid of a cardboard box 


7 













ae" 
1 million years 
For an aluminium can 
to break apart © | 
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To compost an orange peel 


NS 








We, 





farmer | 
12 years = 
For a cigarette butt to disintegrate ~ 
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20 years 
Until a plastic bag breaks apart 
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450 years 


For a plastic bottle to fall to bits 





Recycled plastic can go on to become bottles, benches, bins, jackets, insulation and even car batteries 
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onservationist Jacques Cousteau once 

said, “People protect what they love,” so 

why are we pushing more and more 
ocean species to the brink of extinction? Our 
oceans cover over 70 per cent of the planet, yet 
only 3.4 per cent of those waters are protected by 
law, and species are still being killed illegally. 
Perhaps because we can’t see ocean creatures 
as easily as land animals, it’s easier to turna 
blind eye to the effect we’re having on them, or 
maybe it’s because the ocean is so vast that we 
feel there’s an endless supply for our demands. 

A 2015 International Union for the 

Conservation of Nature (IUCN) study found 514 
land animals disappeared from the Earth in the 
past 500 years, but only 15 ocean species, such as 
the great auk, became extinct in this time. 
There are an estimated one million marine 
species and many more yet to be discovered, but 
we are pushing them to the edge of existence. 
According to the IUCN, in 2007, 80 per cent of the 
marine species listed on the Red List were 
threatened with extinction. Over a third of 
marine mammals are threatened, and 50 per 


The coral reefs that hawksbill 
turtles feed on have declined by 80 
per cent over the last century 
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ENDANGERED 
OCEAN SPECIES 


Meet the incredible marine species 
highlighting why we need to act now 
to save our oceans % 
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cent of coral reefs have been lost over the past 
150 years, largely because of humans. In 2014 
alone, there were 5.25 trillion pieces of plastic 
found in the ocean. We're killing animals by 
polluting the seas with our waste and using the 
ocean as a transport route causing noise 
pollution, oil spills and boat collisions. 

Our actions are also contributing to global 
warming and the rise in sea level temperatures. 
Billions of unwanted fish die needlessly due to 
unsustainable fishing — 90 per cent of the 
world’s fisheries are overexploited. As our 
populations grow and we develop more 
coastline we are destroying habitats by pouring 
untreated sewage, chemicals and pesticides 
into the water. 

AV(oyesi MoyazU0rcbavbest-Vist-backcima UM el-ybetey olers(elelcre ms 
not only for food, but for fur, medicine, jewellery 
and other goods. Some species have existed for 
millions of years, long before humans. They’re 
not only magnificent creatures, but make up an 
important part of the world’s ecosystems and 
we need them to survive. If we don’t act now, 
they'll soon be lost forever. 


DID YOU KNOW? Hawksbill turtles are hunted for their meat, but could be a danger to eat as they feed on toxic coral sponge 






























































HAWKSBILL TURTLE HAWKSBILL TURTLE 


Eretmochelys imbricata This beautiful keystone species is 
Where are they found? Span a eae! 7 

the globe mainly intial hunted for its distinctive 

but also subtropical oceans tortoiseshell exterior 

Teel Urol lave muat=W-\ul-lajaoms lale|t-\a) 

and Pacific. It’s hard to believe anyone could kill sucha 
ee 000 ne gentle-natured creature, but the hawksbill turtle 


Endangered status is not only hunted for its meat and eggs, butits 

=x EW Cy. |) NT Lc gold ae brown patterned shell The 
tortoiseshell trade was banned in 1973, but 
products made from the shells, such as jewellery 
and ornaments, are still sold throughout the 
Caribbean, Asia and Central America. One ofthe 
smallest species of sea turtle, the hawksbill 
turtle, is protected under the Convention on 
International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) and while there isa 
great deal of work going into their conservation, 
their populations are still declining. While they 
are mostly threatened by the wildlife trade, they 
are also dying from ingesting plastic pollution, 
getting caught by fishing hooks, loss of nesting 
and feeding habitats due to coastal 
development, and climate change. 
Sea turtles are not only adorable animals, but 
they are a keystone species, which means they 
have a huge effect on their ecosystem. The 
hawksbill turtle, named because of its beak-like 
jaw, feeds on sea anemones, sponges and 
jellyfish. It creates a balance of life in the ocean 
by managing the populations of animals such as 
jellyfish and sea anemones, as well as protecting 
the coral reefs by removing sponges to give 
smaller fish access to feed. These animals are the 
descendants of reptiles that lived hundreds of 
millions of years ago. If left in the wild, they can 
live from 30 to 50 years, but without our help, 
they may soon be gone. 
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After mating, females drag their C45 


heavy bodies high onto the beach 
during the night 
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GREAT HAMMERHEAD SHARK 


While fairly harmless to humans, this 
amazing hunter is still being killed to make 
shark fin soup 

Measuring up to 6.1 metres (20 feet), the great hammerhead 
shark is the largest of the nine species of hammerheads. 
Distinguished by its famous T-shaped head, its eyes are set far 
apart, giving it a better visual range and making it an efficient 
hunter as it uses its electrical receptors to search outits prey. 
Thanks to its size, this amazing fish species has no predators 
other than humans. While it may be big and aggressive when 
hunting for smaller fish, crustaceans, squid and octopus, it is 
mostly harmless, and few attacks on humans have been 
recorded. However, it still suffers from overfishing and is 
targeted for its big fin. Once caught, the shark’s fin is cut off, 
and the shark thrown back into the sea to bleed to death. The 
great hammerhead has no protection from the Endangered 
Species Act and is still mercilessly killed. As it only reproduces 
every two years, numbers are still on the decline. 








HECTOR’S DOLPHIN 


The world’s smallest dolphin is dying 

unnecessarily as it gets caught up in 

fishing nets meant for other fish 

HG alo/seles tops \V/bLel cara iV Coloesr=mmolo) ho) eb uatsy ofverclUlsreMo) md el-vbm qe)ppale(cremo)tslelcqeloyast-IBa0el 
shaped like the cartoon character's ear, the tiny Hector’s dolphin can grow up to 
1.4 metres (4.6 feet). The cetaceans are only found in New Zealand, and they live 
close to the shore, which means their main threat is getting caught up in fishing 
nets as bycatch. Playful and inquisitive, they are also often wounded by boat 
propellers as they surf the waves and get too close. Population numbers saw a 25 
per cent decline in the 1970s, and the most endangered subspecies - the Maui's 
Hector’s dolphin - only has a population of about 55. In 2012, New Zealand 
evcoavloyixcrod:sulbolcimutsjevbet-puendercnole)lolebbeuspor-invbe-U@arcloyir-lomelvimm ely ye-bacaciN0ll 
affected by pollution, coastal development, boat trafficand seabed mining. 
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Vaquitas use >» Ss 








echolocation to hunt by 
emitting sonar clicks 
that bounce off their 
prey making them 
easier to find 


The vaquita is so rare 
that there are very few 
photos to show what it 

actually looks like 


/? Great hammerheads may be immune to stingray and catfish venom. One was found with g6 spines in its mouth 
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Hector’s dolphins can often be 
seen leaping together and 
chasing each other when courting 


VAQUITA 


This shy, unique species of 
porpoise is dangerously close to 
extinction thanks to illegal fishing 
First discovered in 1958, the vaquita - or ‘little 
cow’, as it’s known in Spanish thanks to the dark 
circles around its eyes - is the smallest and rarest 
marine mammal on Earth. Its population 
declined by 90 per cent from 2011 to 2016, and 
now there are thought to be only around 18 left in 
the world. Found only ina 4,000 square 
kilometre area in the Gulf of California between 
Mexico and Baja California, these shy creatures 
live in shallow water or in open water less than 
25 kilometres from the shore, yet they are rarely 
seen. The worst culprit for their decline is illegal 
gill-netting (using fixed fishing nets). The 
practice was banned by the Mexican 
government in 2017, butis still used. The animals 
are trapped in the nets and drownas they are 
unable to surface to breathe. Around 15 per cent 
die a year as they become entangled in fishing 
nets, and others are killed from chlorinated 
pesticides in the water. Vaquitas only reproduce 
once every two years. Calves were spotted with 
their mother in 2019, so they're still reproducing, 
but who knows for how long they will survive. 
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BLUE WHALE 


These fascinating giants of the deep 
face a new challenge after being 
persecuted for decades 


Weighing a massive 200 tons (the equivalent of 33 
elephants) and measuring up to 33 millimetres (110 
feet), the blue whale is the world’s largest living 
animal. It also sets the record for the loudest animal 
on Earth, reaching calls of 188 decibels (more thana 
jet engine). Blue whales have unique vocalisations 
that they use to communicate, and these have 
inspired the technology behind watercraft sonar and 
wind turbine blades. These giants are at the top of the 
food chain, and vital for maintaining a healthy ocean 
ecosystem. But despite being one of the most 
fascinating species, they are also one of the most 
persecuted marine mammals. Whales havea long 
labsitova'aoymol-abetes slevelccrobioyauelsbmeslccim-veledo)iblolel-ie 
not only for food but to make oil, soap, perfume and 
cosmetics. Fortunately, since they were granted legal 
protection by the International Whaling Commission 
in 1966, commercial whaling is not as much ofa 
threat, but now they face new challenges including 
entanglement in fishing nets, noise pollution from 
gas and oil developments, a decline in food sources 
due to the decline in krill being caught to feed 
farm-raised fish, and climate change. With as few as 
5,000 left, we are pushing them to their limits. 





GALAPAGOS PENGUIN 
Spheniscus mendiculus 
Where are they found? The 
(€r-1[-]e}-le[e-r-lceiallel=\i-\e(e} 
Estimated population 1,200 
TaateluUlc-Wiarel Nace Urol s) 
Endangered status 
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ENDANGERED 


Females gestate for about 12 
months, and give birth every 
two or three years 


BLUE WHALE 

Balaenoptera musculus 
Where are they found? All 
oceans except the Arctic Ocean 
Estimated population 5,000- 
15,000 mature individuals 
Endangered status 
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This baleen whale needs four 
tons of krill a day to survive 


GALAPAGOS PENGUIN 


There’s only one love for this 
tuxedo-wearing bird, but it’s 
running out of time to mate 

Endemic to the Galapagos Islands, the Galapagos 
penguin is the smallest of the South American 
penguins, and the only species that lives north 
of the equator. It is one of the few animals on 
Earth that has one mate for life, but its love life 
isn’t going anywhere thanks to its conservation 
status. The biggest threat to this endangered 
bird is climate change. The 1982 El Nino storm 
saw a77 per cent decline in the Galapagos 
penguin population. The weather changes not 
only affect breeding success with the loss of food 
sources, but rising sea temperatures affect the 
Humboldt Current that the birds rely on. They 
can live between 15 to 20 years in the wild, but 
may not last if they can’t reproduce. Numbers 
have also declined due to the introduction of 
species such as cats, rats and dogs to the islands; 
snakes, owls and hawks on land; and sharks and 
seals in the water. Other threats to survival 
include plastic pollution and becoming bycatch. 


“It is one of the few 
animals on Earth that 
has one mate for life” 








A blue whale's heart is the same size as g VW Beetle, and its tongue is the same weight as an elephant 





Sea otters need to eat 25 to 40 per cent of 
SEA OTTER their body weight to keep warm 
Their fur may make them cute and loveable, 
but it’s also the reason so many are being killed 


(O}el=xeyind olcusseot-U0(ccimect-banelcpeet-beebeet-Ulcmimelcnc-Melmioa@stclanels 
densest fur of any animal, with one million hairs per square 
inch. They’re not only cute and furry, but highly skilled as well. 
They are the only marine mammals that use rocks to crack open 
shells like mussels, and they hold hands while they sleep to 
prevent themselves floating away from each other. Sea otters are 
also keystone species, which means they‘reanimportantpart _ 
of their environment. By feeding on sea urchins, they : 
help ensure kelp forests continue to thrive. You may 
wonder how anyone could kill such an adorable 
creature, but their pelts were once highly 
sought-after. Fortunately, a ban on large- 
scale hunting was introduced in 1911, and 
numbers have risen since then, but : 
they are still endangered with . 
threats including pollution, oil 
spills and entanglement in 
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January and February are the 
best times of year to see 
mother sea otters floating 
with their babies 








See 
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222 PROTECTING OUR OCEANS 


ATLANTIC BLU EFI N TU NA | Humans enjoy tuna for its high fat content and as 
This fish may look like food, but it’s a a healthy dose of Omega-3, but demand for 


mean swimming machine built for speed . bluefin tuna rose during the 1970s as sushi and 
~ sashimi became big in Japan. Measuring two 
metres (6.5 feet) and weighing 250 kilograms (550 
pounds), it has a market value of tens of 
thousands of pounds. One fish even sold for $1.75 
million. Fishing for tuna has been overexploited, 
especially in the eastern and western Atlantic 
where fishing boats often ignore quotas and time 
closures and, although management of fisheries 
The Atlantic bluefin tuna need has improved, we won't see the results of this in 
to swim constantly to be able 
to breathe fish stocks for years to come. The largest and 
most endangered species of tuna, the Atlantic 
bluefin tuna is still endangered, but the tragedy 
is that this fish species is seen as food ora prize 
in sport, when it has so much more to offer as one 
of the ocean’s greatest predators. This fish is built 
for speed with its torpedo-shaped body. Its 









ATLANTIC BES metallic-blue colour helps it camouflage from 
Thunnus thynnus ; ; 
Where are they found? above and below in the water, and it has the 
The Atlantic Ocean and the _ : 
Mediterranean anéliBiaelaeeas sharpest vision of any bony fish. It hunts in packs 
mes population and can dive 914 metres (3,000 feet) as it searches 
nknown . Sind 
Endangered status for herring and mackerel. But it is not onlya 
2 am ck EN w @ skilled hunter. The species is also an important 
The Atlantic bluefin tuna can raise its body part of the food chain and its ecosystem. It lives 
ENDANGERED temperature and, if threatened, can even : 2 
Ba sditocre in the open seas, but only breeds in the 






Mediterranean Sea and the Gulf of Mexico. 


HAWAIIAN MONK SEAL : 


WW acsWoreverol elem pa ves-icrs)arerclave|=igzte| 
pinniped, this earless seal on the 
brink of extinction is inarealtangle — 
One of the last two surviving monk seals, the 
Hawaiian monk seal (alongside the 
Mediterranean monk seal) is in danger of going 
extinct just like the Caribbean monk seal. Unlike 
most seals that live in the cold, this solitary 
creature enjoys a tropical climate, and is one of 
only two mammals endemic to Hawaii. The 
Hawaiian monk seal has been listed as 
Endangered by the US Endangered Species Act 
since 1976. It was driven to the brink of extinction 
in the 19th century, as it was persecuted for its 
meat, oil and skin, but since then it has seena 
continuous decline with a 20 per cent population 
drop from 1983 to 2011. It is hunted by tiger and 
Galapagos sharks, and pups are often killed by 
aggressive males, but deaths are mainly at the 
JakcbalelKoy@elebest-velsmy lmelolMeyel\i@ar-iKeelemeaa al 
highest rates of entanglement of all marine 
mammals, but it also suffers fromingesting 
plastic pollution, the destruction ofits habitat 
and food sources due to coastal development, 
risingsea level and erosion from storms, and 


HAWAIIAN MONK SEAL eas 
Neomonachus schauinslanadi 
Where are they found? 
Hawaiian islands — 
Estimated population 632 FF | 


mature individuals 


Endangered status 


a 
EW CR EN @U) NT Lc 


ENDANGERED 





human interactions. You can’t help but smile as / 

you see them enjoy sunbathing, but the threats Known as the ‘ilio holo | ka uaua’, which means 
. . . ‘the dog that runs in the water’, they can hold 

against them and their slow reproductive rate their breath for 20 minutes and reach depths of 

mean there may soon be none left to smile at. 549 metres (1,800 feet) when they dive 


locy, 







DID YOU KNOW? The Atlantic bluefin tuna has a penchant for pelagic fishes, which they swallow in one go 


Unknown 
Endangered s 


CRITICALLY ENDAN 







ELKHORN:CORAL 


Coral reefs are home to 25 per. 
cent of all marine species, but 
because they don’t seemilike © ~~ 
animals, they often get forgotten” 
The elkhorn coral was once a very common . 
species, and was one of the mostimportant 

corals for building reefs inthe Caribbean, but 
white band disease in the 1980s killed off 97 

per cent of the population, and today it is still 
Critically Endangered. Climate change causes 
mass coral bleaching, while rising sea 
temperatures kill the coral by forcing it to 

release the algae that it feeds on. It also suffers _ == 
from disease, unsustainable fishing, pollution 
FValeMoleccrsbou-lo(obbaleclaloyem@elbpest-verse-V iso) rs 
contribute'to its demise by standing on reefs = e 
and damaging it when snorkelling or diving. ; 
Elkhorn coral is not onlyakeystone species, 

but as one of the fastest growing corals, itis an 

ecosystem engineer. It can grow up to 13 

centimetres (five inches) in branches per year. > 

It forms colonies that grow to 1.8 metres (six 

feet) in height in shallow water, creating ; ek, 
shelter and protection for species like the PAL, a ‘* aly aS 
spiny lobster and parrotfish, as wellas sage i is r anne ‘i Keri 
reducing the size of waves on the'shores. hundreds of wears 4 


™~ ¥ The elkhorn is a 

: hermaphrodite, and releases 

eggs and sperm just a few 

_ _ days during the autumn 

= when the moon is full 
. ~ e . 























Humans may be one of the main 
reasons for the threats facing these 
species, but we can also be the 
solution. Some of the conservation 
programmes that have been 
introduced to help protect these 
species from extinction include 
designating marine protected areas, 
reducing destructive fishing practices 
and the amount of fish caught 
FYerei(e(=Va lee) | \am-lale Master aellate Molla -yV] 
results. But, as individuals, there is 

Fl eXome) (Tai mVm-Mor-laMe(oMineliaMavelm (idaclala le] 
to recycling and buying eco-friendly 
MSC-certified fish. You can also cut 
elo a molaMelel merle elole Mm coleliolal alm on yz 
travelling by foot or bicycle where 
possible, and reduce water use by 
switching off taps and taking showers 
instead of baths. It only takes that first 
step to make a difference. 























© Alamy; Getty 
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The ocean appears blue because it reflects short wavelengths of light [such as blue] and absorbs longer ones 







The subterranean canyon off 
the coast of Nazaré creates 
incredi a 

it a popular surfin 









It’s the stuff of every offshore, whichisa 
big-wave surfer’s dreams: 200-kilometre long ravine 
the 30-metre wave. Praiado that works to combine the 
Norte near the coastal energy from waves that 
village of Nazaré in have travelled across the 
Portugal is at one of the Atlantic, currents from the 
most westerly points of canyon, gusting winds and 
1 av b ae) olewe- bole melcr-bacnm els) local tidal forces into 
oyauuelmeyanetcecyiVcisy ep betes colossal waves. 

Atlantic swells. Europe’s 

EDectoimenelelvariclicymecbelieen 

Nazaré Canyon, lies just 


3 Fastest 


the Nazca plate, is th 
fastest seafloor spre 


bubbles up from the Earth’s core 
fill the gap. In this region, up to 16 
centimetres of new seafloor is 
produced per year. 
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A storm name is 1.3bn 


retired if, like " ss ie P C3 
Katrina, it has had = ‘ ‘ an) 
remem *.; wena 
x, a ae .% (approximate) in 
Where: Tropical Pacific ~< ae the oceans 
S OrTrmns Ocean: Pacific Ocean 


Is there such a thing as the ‘perfect storm’? 


Fishermen who make their living out on the waves, battling everything 
the Pacific throws at them, will tell you that this is one of the cruellest 
oceans on Earth. 

It’s the tropical region that whips up this meteorological frenzy and 
creates the mother of all storms: hurricanes. Fed by very warm, moist 
air, these weather systems usually form between June and November, 
and need to reach 120 kilometres per hour or more to be classified as a 
hurricane, typhoon or cyclone. These three terms describe the same 
event and just depend on the origin of the storm. In the Atlantic and 
Northeast Pacific the storms are hurricanes; in the Northwest Pacific 
they're known as a typhoon; and in the South Pacific and Indian Ocean 
the weather system is termed a cyclone. 

Hurricanes can travel huge distances across oceans, spinning 
FWalaledlolelaiisty-mbemael-w\\(o)adel-veeWsl-veubtsjo)el-yace-bolomalolelay\ety-pbonael:) 
Southern Hemisphere, fed by the warm conditions of the tropics. 


WHERE ARE THEY? 


ARCTIC OCEAN 
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Cloud formation 
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Air sucked inwards to updraft Clouds begin to spin 


a a 

Hurricane formation How the vast, swirling storms begin life at sea Warm, moist air rises in bands 

Cloud formation Rotation begins Mature storm 

Over warm, tropical waters, seawater begins to The warm air continues to rise, cool and suck Warm, moist air continues to rise from the ocean 
evaporate. As it rises, it cools to rapidly form clouds. (TaWaate)acW-llamicelanmua(-WoilqcolUlave|iavesom oX-1(o\)Amel-lialiare) and forms clouds in bands around the eye of the 
Cooler air from the surrounding area rushes in to energy. As the Earth rotates, the clouds start to storm. Cool, dry air sinks through the eye and also 
replace the warm air, which then warms up and rises spin too. A hurricane is formed once wind speeds flows out between the cloud bands at the edges of 
again, causing updrafts. ixct-\o1a 20) nan the storm. 
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5 Deadliest 


An entire ocean poised 
and ready for destruction 


Beneath the Pacific Ocean lies a patchwork of molten terror 
known as the Ring Of Fire. Earth’s crust is made up of 
tectonic plates that fit together like a jigsaw, floating overa 
layer of molten rock. At boundary zones, plates rub against 
each other, push against one another or pull away from one 
another, each with differing consequences. In the Pacific 
Ring Of Fire, the landmasses that surround the ocean are at 
the boundaries of these ———— nr 
plates. Home to 90 per cent of 7 Sen 
earthquakes, the Ring Of Fire 
is a hotbed of tectonic activity. 








oat : ¢ 
2|n 2011, an earthquake’caused 
devastation in Japan, which is == 
~son the edge of the Ring of Fire 


An incredible feat of survival, 
the icefish can survive 
temperatures of -2°C 


The Southern Ocean is 
lareyaat=Mikem aat-Mexe) (e[-S-1mr-]ale} 
stormiest waters on Earth 


KNOW? Most of the oxygen we breathe originally came from the activity of photosynthetic organisms in the ocean 

















6 Most 
polluted 


The dead zone in the Gulf of Mexico is 
one of the most extreme cases of ocean 
pollution. It covers almost 17,000 square 
kilometres of hypoxic water - where very 
little or no oxygen is present. Nothing 
can grow there, as almost all organisms 
require oxygen to survive. Dead zones 
are caused by nutrient runoff from the 
land (such as agricultural fertilisers) that 
cause an excess of algal growth. When 
the algae dies, it decomposes and 
consumes all of the oxygen in the water. 


Most 
extreme 
tides 


At the head of the Bay of Fundy, at the 
pa ldolmabenlcmoyauelcwesteyeldepmael 
difference in high tide and low tide 
can bea huge 16 metres. When the 
tide is this high, the bay fills and 
empties 100 billion tons of seawater 
(olbbabet:a-s-(elomulol-0meyyel (cm Wel-Boibexcnulel) 
is a result of the bay’s shape and 
depth, as the water within the bay 
oscillates (like water sloshing from 
one end ofa bathtub to another) in 
sync with tides from the Atlantic. 








Dead zones occur in various oceans and inland 
water bodies, shown here with red dots 






The Bay of Fundy stretches for 270km along 
Canada’s east coast and is a tourist hotspot 
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Deepest 


Take a breath and dive deeper than Everest is tall 
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DID YOU KNOW? Ina cubic kilometre of seawater, there are approximately 26 million tons of salt (as sodium chloride) 





At the very bottom of the ocean, just shy of 11,000 metres 
below the surface, sunlight is long gone and all that is left is 
inky blackness. The Challenger Deep is part of the Mariana 
Trench, a deep score across the sea floor of the Pacific basin 
that is formed at a subduction zone, where one tectonic plate 
disappears beneath another. It is the deepest point in 
Earth’s oceans, and with over ten kilometres of water 
overhead, the hydrostatic pressure is 1,100 atmospheres - 
the equivalent of inverting the Eiffel tower and balancing it 
on your big toe. 

The water temperature at the bottom of the Challenger 
Deep is just above freezing, and the trench is filled with 
clouds of silt, formed from millions of years of ocean garbage 
falling from above and slowly rotting away. However, 
despite the pressure, darkness and coldness of the 
environment, life still prevails! The deep sea is home to an 
array of strange and wonderful creatures that survive 
against all odds, having developed clever mechanisms to 
deal with the extreme conditions. 

The Challenger Deep was first explored in 1960 by Swiss 
scientist Jacques Piccard and US Navy Lieutenant Don Walsh 
in the Trieste submersible, which set a record by diving toa 
depth of just over 10,915 metres. Since that seminal dive 
there have been multiple attempts by both manned and 
Lvbovant=bavetctomUcdevlellcispumelcwaslolimaclecoeiments(e(cmoyia-r.qe)leyacva-belel 
film-maker James Cameron, who managed to reach a depth 
of 10,898 metres in his Deepsea Challenger submarine. 
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Supergiant amphipods 


This super-sized crustacean (related to 
(ot r=] ofsa-) atom (0) os=102)a<) et-] am o\-M cele lare| 


lurking in the deep ocean trenches. 







Hydrothermal vents 


LO}ix=yoW Coyevebbar:w-umoeblocrolect-bewelol-{-ranielsqcmnclenoyey(e 
activity is high, hydrothermal vents are cracks and 
fissures in the Earth’s crust where super-heated water 
escapes into the ocean. The temperature of this water 
can reach 400 degrees Celsius, but doesn’t boil due to 
the extreme pressure. 

Hydrothermal vents can support vast communities 
of life. The organisms that live around them use 
chemosynthesis —- as opposed to photosynthesis - to 
survive. The primary producers of a chemosynthetic 
food chain are microbes that use the chemicals 
expelled by the vents as the basis to create energy, akin 
to how plants on land use sunlight. 


Grenadier fish 
Often termed rat-tail fish, these critters 
have large heads and tapering bodies 
Elalel-] =m coll ave Molam iat-er-] o\\Zc%-¥-) Me) -] 1a) 















Seawater filters through the rocks 
Talked al-Moi qUls um of-Yoro)pal=soMci0] ole) eg 
heated and is expelled through vents 


Some of the deepest-known 


fish in the ocean, snailfish 
have been spotted by probes 


at 8,145m below the waves. 


Snailfish 
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Number of volcanoes 
in the Pacific Ring 
of Fire 






Tubeworms 


Living in large 
communities 

Fl celulare| 
ayvelgeluayslgnate|| 
vents, huge 
tubeworms live in 
harmony with 
chemosynthetic 
bacteria. 


©Corbis 




















Submarine volcanoes 


Our planet’s most productive volcanic activity 
happens at the crushing depths of ocean ridges 


he boundaries of Earth’s tectonic plates 

are areas of pure fire and brimstone! 

Where the plates rub up against one 
another, or pull apart from each other, the 
super-heated innards of our planet are waiting 
to spill out, and this is where volcanoes can | 
be found. 

An underwater volcano forms when magma - 
molten rock from underneath the Earth’s crust 
- builds up ina deep chamber. As the pressure 
increases, the magma finds its way upward until 
it reaches the seabed and the pressure is 
released in the form ofa gigantic lava flow. 

When a volcano erupts beneath the sea, 
super-hot lava gushes out, just like you might see 
on land. In relatively shallow water, this can 
send a spray of rocks, ash and gas through the 
water and out into the air. Deep-sea volcanoes 
are under crushing pressure from the water 
above, but the sheer force of the eruption still 
sends lava out of the fissure. Lava that oozes out 
is quenched almost as soon as it hits the water, 
and so the most common type of lava flow from 
an underwater volcano is ‘pillow lava’. The 
outside of the lava flow hardens, but the inside 
stays molten, breaking through the end of the 
quenched blob and splurging forward - building 
up astring of pillow shapes before hardening to 
solid rock. These eruptions build layer upon 
layer of rock, and this i6s how the volcano grows 
insize. 


Volcanic chains 


Not all submarine volcanoes are located at tectonic 
boundaries. Long, linear chains of volcanoes such 
as the Hawaiian Islands and their underwater 
neighbours can form in the middle of oceanic 
basins. This is a by-product of continental drift - 
the gradual movement of tectonic plates. As the 
plate rests over a magma plume (an intense 
build-up of magma beneath the Earth’s crust, 
sometimes known as a ‘hotspot’) the magma 
pushes its way up to the surface and a volcano will 
form, a process that takes thousands of years. The 
volcano may even stay active long enough to 
breach the ocean surface, forming an 
island. Then as the continental plate 
moves on, taking the volcano with it, a 
brand-new volcano eventually 
forms on the part of the 
continental crust that is now 
positioned over the magma 
plume. This means the 
volcanoes in the chain get 
older the further they extend 
from the magma plume. 


Erupting under the sea ‘ 


What goes on in the water and beneath the 
seabed as magma bubbles up from below 


Mineral 
deposits 

These mineral 
deposits help to build 
the chimneys into 
tall, towering stacks. 
























Black or white smoke 3 
These precipitates are what give 

the vents a ‘smokey’ appearance. 

Black or white smoke is caused 

by different mineral content. 


Eruption 

When the volcano erupts, 
lava that can reach 1,200°C 
(2,200°F) is expelled from 
the volcano’s crater. 


————— Pillow lava 


The underwater 


Seawater : 
eruption forms 
Cool seawater enters é 
A pillow lava, 
cracks in the rocks . 
_—_—_—s formed as the 


and filters deep down 
into the Earth. 





outer layers of 
_| lava harden as 
it meets the 


™) seawater. 
_ 
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Heated from below 

\, The magmaheats upthe §& 
\) water as it trickles 

| through the rock. 














> Precipitating minerals 
As the vent fluid mixes with 
cold seawater, it causes some 
of the dissolved minerals to 
| precipitate as fine particles. 















Minerals dissolved 
The water becomes more 
acidic as it warms, and it 
dissolves minerals from 
the surrounding rock. 























Through the vents 
The heated fluid rises and is 
eventually expelled by the 
large vents that accompany 
submarine volcanoes. 





s Magma chamber 
The volcano’s magma 
chamber is stored 
many kilometres 
below the seabed. 


The Hawaiian Islands are 
-mPart of a chain of volcanoes 


formed over a hotspot 
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© Science Photo Library; Jacques Descloitres, MODIS Land Rapid Response Team at NASA GSFC 


* ON SALE NOW! * 


Let us guide youona 
journey to living plastic free 


We'll help you to identify the problems in your day-to-day plastic use and offer 
viable alternatives. Discover the difference between types of plastic, how to 
responsibly recycle and upcycle, as well as how to get your community involved 
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a SECRETS OF THE SEA 








(] Friction between air 
and water molecules 
transfers energy from 
) the wind to the water 
create waves‘ 


Explore how energy passes through water 
to help shape our coastlines 


he constant rolling waves that ripple motion, ending up back where it startedto begin _ this energy for 

across the ocean maylookasthoughthey the process again. thousands of kilometres across 

are transporting water from one place to The one thing waves do move forwards the globe, until they eventually reach land and 
the next, but this isn’t the case. Although the through the ocean is energy, which comes from use it to shape the shore through erosion or the 


water is certainly moving, it’s only ina circular the wind that starts them off. Theycantransport deposition of material. 





Energy transfer Wind blows Beneath the surface : 5 

Energy is transferred The wind blowing over A column of water below each Breaking point 

from the air to the the surface of the water surface wave completes the Eventually, the wave 

surface water, causing causes friction, creating same circular movement. becomes unstable and 

thesurface mass ‘of a continual disturbance. In the shallows comes crashing down, 
The lower part of the transferring its energy 
wave slows down and into the surf. 








compresses, forcing the 
crest higher. 


water to rotate. 
Circular wave 
The water continues to move in 
a circular motion as the kinetic 
energy is transferred through it. 


What makes a wave break? 


Find out what happens when the ocean meets the shore 





aves are formed when the wind several kilometres. When the wave reaches get taller until the back of the wave overtakes 
blows over the surface of the the shore and the water becomes shallower, the rest and breaks into whitewash. On 
sea. Energy from the wind sets friction from the seabed begins to slowit gently sloping shores the wave simply 
particles in the water rotating around each down. It loses energy from the bottom spills over, but steep slopes create dramatic 
other, creating a wave that can roll for first, causing it to bunch up on itselfand crashing waves. 
Wave crowding Wave height increases : Surf zone : 
1 11 | = 
Pn > tl ie. I. N y i 
ices 11 > ! me eo 
& y Ile ,- I _ I oF Mees I 
y y 4 —— i _, 1 4 Pp lg : 
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I > rb I = Bea aol ! 
I a tt = - Tipping point 1 
1 od — Waves break at a ! 
! rt ! critical depth, when : 
i : : = : they are twice as I 
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high as the water. 








Reaching 
the beach 
Getting closer The water that 
As waves slow down runs up the beach 


they bunch together ina Take a peek under the water to see after a wave breaks 
process called shoaling. is called the swash. 











In the shallows 
When they approach 
the shore, waves begin 
to lose energy. 










what brings waves crashing down 


DID YOU KNOW? Currents are generally measured in metres per second or in knots 








Ocean currents explained 


The conveyor belt that 
keeps the oceans healthy 


hen ice forms off the coast of 

Antarctica, the seawater around it gets 

saltier because the water freezes first, 
leaving the salt behind. The extra salt makes the 
remaining seawater denser, so it sinks down the 
side of the continental shelf and spreads slowly 
along the ocean floor. 

The sinking water has to be replaced from 
somewhere, so this creates a surface current that 
pulls warmer water in from the north. This is 
called thermohaline circulation (from the Greek 
for temperature and salt), and itis the main force 
behind the deep ocean currents. But at the 
surface, the Sun’s heat causes winds, and these 
create a different set of much shallower currents. 
The Earth’s rotation twists these into circling 
currents called ‘gyres’, which rotate clockwise in 
the Northern Hemisphere and anticlockwise in 
the Southern Hemisphere. 

Currents are vital to the ocean's ecosystems. 
Most marine life is found near the surface, where 
it would quickly run out of nutrients were it not 
for currents sweeping up fresh supplies from the 
sea floor. At the same time, downward currents 
supply vital oxygen-rich water to the inhabitants 
of the deep sea. 


“Currents are vital to the 
ocean's ecosystems” 


Current affairs 


Earth’s ocean currents are all connected 
in a series of swirling eddies 


Gulf Stream 
The Gulf Stream brings warm water 
from the Caribbean towards 
western Europe. The Canary Current 
circulates cold water back again. 


Equatorial currents 
The North and South Equatorial 
Currents carry warm waters 
westward, while the Equatorial 
Counter Currents return some 
warm waters eastward. 


California 
Current 
The cold water from 
northwestern Canada 
brings the characteristic 
coastal fog to 
California’s coastline. 


Benguela 
Current 
Cold water flows 
north past South 
Africa, warms and 
returns as the 
Brazil Current. 


What are brinicles? 


These so-called ‘ice fingers of death’ area 


chilling phenomena 


ound in both the Arcticand Antarctic seas, 

brinicles are formed when conditions are 

both calm and very cold. Usually occurring 
as winter sets in, these stalactite-like icy pillars 
grow downwards into the water from the seaice. 


As new sea ice forms, water freezes, and salt 
and other ions are forced out, producing salty 
Joyabolemy MavtspoluiComualelcdleisiuavqobtedaKereclelectsleley ole) cars) 
in the ice until it finds its way out. 

is Velev oyanalepisporleca oKelsvelxeva-velomae)(elcyadet-vend ele 
seawater beneath the sea ice, which is usually 
around -1.9 degrees Celsius. As it hits the seawater, 
the brine begins to sink and the water around it 
freezes instantly. A brittle tube - or brinicle-is 


formed, and through this more brine 
trickles and freezes. Providing that 
sea conditions are calm, and no 
wildlife cruises past to knock it 
down, this process can continue 
until the brinicle reaches the 
seabed. Then it can spread out in 

a deadly frozen web, killing 
everything in its path. Scientists 
Jotc\(ep az) ooyancre sere) bate o)t-lelqeleye) is) 
(oo lctstd olpeler-aqlo) al ev(el(<pioyevet-luloyey 
as the descending frozen brine 

has encased every nearby 
organism in ice. 





Norwegian Current 
Warm water breaks away 
from the Gulf Stream, 
pushing cold water back, 
past Greenland. 








South Indian 


Antarctic Circumpolar 


Current Current 
This is the dominating current in This flows north from 
the Southern Ocean, circling the the Antarctic 


continent of Antarctica from 
west to east. It creates some of 
the roughest seas on Earth. 


Circumpolar to 
connect to the West 
Australian current. 


S10) of-)exoxe) (oll o)alatemage)anmaelsy 
sea ice above kick-starts 
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deathly marine icicle — 
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cause -catastroph ( 


sunamis form througha complex, 
| multi-stage process that emanates from 

the massive energy release ofa 
submarine earthquake, underwater or coastal 
landslide, or volcanic eruption. 

The first stage in this formation begins when 
the tectonic upthrust caused by the quake or 
impulse event causes massive amounts of ocean 
water to be displaced almost instantaneously. 
This action kick-starts a simple series of 
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progressive and oscillatory waves that travel out 
from the event's epicentre in ever-widening 
circles throughout the deep ocean. Due to severe 
levels of energy propagated from the impulse, 
the waves build in speed very quickly, reaching 
up to an incredible 500mph. However, due to the 
depth of water, the speed of the waves is not 
visible as they expand to have incredibly long 
wavelengths that can stretch between 60-120 
miles. Because of this, the wave amplitudes (the 


earthing frees levelling 
buildings and ending life. Howit Works delves to the bottom @f 
the ocean to trackand explain their causes and formatio 





wave height) are also very small as the wave is 
extremely spread out, only typically measuring 
30-60 centimetres. These long periods between 
wave crests - coupled with their very low 
amplitude - also mean that they are particularly 
difficult to detect when out at sea. 

Once generated, the tsunami’s waves then 
continue to buildin speed and force before 
finally approaching a landmass. Here the depth 
of the ocean slowly begins to reduce as the land 


DID YOU KNOW? The earthquake that generated the 2004 Indian Ocean tsunami was the fifth most deadly in history 


Durable 
chains 


How tsunamis 


4. APPROACH 

As the tsunami waves approach the coastline of a 
landmass they are slowed dramatically by the 
friction of their collision with the rising seabed. As 
the velocity lessens, however, the wavelengths 


5. IMPACT 

Finally, with the wavelength compressed and heightened to 
large levels (often between five and ten metres), the giant 
waves collide with the shore causing massive damage. The 
succeeding outflow of water then continues the destruction, 


Head 


are formed 


1. TECTONIC 
Tectonic upthrust in the 
form of earthquakes and 
ocean floor volcanoes cause 
vast quantities of water to 
be displaced in a very short 
space of time, generating a 
massive amount of energy. 


2. BUILD 





© Science Photo Library 





Cause 
Tsunamis initiate when an earthquake causes the 
seabed to rupture (bottom centre), which leads toa rapid 
decrease in sea surface height directly above it. 


’ RE 
The map shows the 30-metre =~ 
tsunami wave generated by the : cen 
| Krakatoa Volcano éxplosion 0f1883 _ =s ¢ 
Zz Se. Sea! 


begins to slope up towards the coastline. This 
sloping of the seabed acts as a braking 
mechanism for the high-velocity tsunami 
waves, reducing their speed through colossal 
friction between the water and the rising earth. 
This dramatic reduction in speed - which 
typically takes the velocity of the tsunami to 
1/oth of its original speed - also has the effect of 
reducing the length ofits waves, bunching them 
up and increasing their amplitude significantly. 


become shortened and amplitude increases. 


The energy from the quake or impulse 
causes a train of simple, progressive 
oscillatory waves to propagate over 
the ocean surface in ever-widening 
circles at speeds as fast as 500mph. 





3. TRAVEL 
The wavelengths of the tsunami continue to grow, 
with the waves’ periods (the lengths of time for 
successive crests or troughs to pass a single point) 
varying from five minutes to more than an hour. 





Effect 

As the tsunami reaches the shore the shallow, long and 
exceedingly fast waves pile up, reducing the wavelength 
and increasing their height dramatically. 





Indeed, at this point coastal waters can be 
forced to raise as much as 30 metres above 
normal sea level in little over ten minutes. 
Following this rise in sea level above the 
continental shelf (a shallow submarine terrace 
of continental crust that forms at the edge ofa 
continental landmass) the oscillatory motions 
carried by the tsunamiare transferred into its 
waters, being compressed in the process. These 
oscillations under the pressure of the 


uprooting trees and washing away people and property. 


to Hea 
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1. Messina 
The Messina earthquake of 1908 
triggered a large tsunami 12 
metres high that levelled entire 
buildings and killed more than 
70,000 people in Sicily and 
southern Italy. The earthquake 
that generated it measured 7.5 on 
the Richter scale and caused the 
ground to shake for between 30 
and 40 seconds. 





~ - 
2. The Valdivia 
earthquake 
The Valdivia earthquake of 
1960 caused one of the most 
damaging tsunamis of the 20th 
Century. Thousands of people 
were killed by it and it stretched 
as far as Hilo, Hawaii. Measuring 
9.5 on the Richter scale, the 
earthquake caused waves up 
to 25 metres to assault the 
Chilean coast. The earthquake 
also triggered landslides and 
volcanic eruptions. 


© Science Photo Library : 





3. Lituya Bay 

After an earthquake caused a 
landslide at the head of Lituya 
Bay, Alaska, in July 1958, a 
massive tsunami was generated 
measuring over 524 metres in 
height, taller than the Empire 
State Building. Amazingly, 
despite the awesome height 
of the tsunami, only two 
fishermen operating in the bay 
were killed by it. 


approaching water are then forced forwards 
towards the coast, causing a series of low level 
but incredibly fast run-ups of sea water, capable 
of propelling and dragging cars, trees, buildings 
and people over great distances. In fact, these 
run-ups are often responsible for a large 
proportion of the tsunami’s damage, not the 
giant following waves. Regardless, however, 
following the run-ups the tsunami’s high- 
amplitude waves continue to slow and bunch 
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into fewer and fewer 
megawaves before breaking 
at heights between five and 
ten metres over the 
immediate coastline, causing 
great damage and finally 
releasing its stored energy. 

Due to the severe hazards 
that tsunamis pose, research 
into their causes and 
tracking of their formation 
has increased through the 
2oth and 21st Centuries. 
Currently, the world’s oceans 
are monitored by various 
tsunami detection and 
prevention centres, such 
as the NOAA (National 
Oceanic and Atmospheric 
Administration) run Pacific 
Tsunami Warning 
Center (PTWC) based in 
Honolulu, Hawaii. 

Set up back in 1949, the 
PTWC utilises a series of 
tsunami monitoring systems 
that delivers seismicand 
oceanographic data toitona 
daily basis, with information 
transferred to itand other 
stations by satellite 
connection. This is one of 
two American-run centres 
that monitors the Pacific 
Ocean and it is responsible 
for detecting and predicting 
the size and target of any 
approaching tsunamis. 






early-detection 
buoyisremoved= =» > 
r from the ocean for et 
_ ~~“ maintenance 


Tsunami prevention has 
also seen advances as 
construction techniques and 
materials have developed 
over the past century. Now 
areas that are prone to 
tsunamis, such as Japan’s 
west coast, are fitted with 
large-scale sea walls, 
artificial deep-sea barriers, 
emergency raised evacuation 
platforms and integrated 
electronic warning signs and 
klaxons in coastal resorts 
and ports. 

Areas that have been 
affected by tsunamis inthe 
past are also fitted with 
physical warning signs and 
have specific evacuation 
routes that best allow for 
large numbers of people to 
quickly move inland. 
Unfortunately, however, 
despite many advances 
being made to ensure prone 
areas are protected and 
warned in advance, due to 
the transcontinental nature 
of generated tsunamis, 
remote or under-developed 
areas are still affected 
regularly, the consequences 
of which have been recently 
shown in the disastrous 
2004 tsunami in the Indian 
Ocean that claimed over 
200,000 lives. 


Atsunami 








buoy and monitoris relayed to 
the satellite, whichin turn 
directs it down to the area’s 
tsunami observation and = 
research centre. ) 
5. Ground station = 


The DART Il tsunami detection system 


Introducing the system and technology that aids scientists in detecting 
upcoming tsunamis 


g 2. Buoy 
Thesystem’s buoy floats on the surface of 

the ocean and monitors upper level 

conditions. In addition to this, italso acts 

== asa data relay for its ownand theseabed 
monitor’s recorded information, sending it 

to the system’s satellite. The buoy is 

anchored in place with dual3,oookm 

weights, attached to its submerged base. 





4. Satellite 


Information from the surface 






Scientists at the ground station then interpret 
the data and convert it into computer models. 
Ifthe information leans towards the 
probability ofa possible ttunamia warming 
is sent out to the area's government, 
emergency services and the public. 


3. Sensors 
Inaddition to pressure sensors 
attached to the ocean floor, 
tsunami detection systems also 
include numerous other sensors for 
monitoring its surrounding 
environment of which the causes of 
tsunamis can affect. These include 
surface water temperature and 
conductivity, air temperature and 
humidity and wind speed. 


1. Monitor 

The first part of the systemisa 
monitor on the seabed that 
records the sea pressure every 
couple of minutes. Any unusual or 
spiked results trigger increased 
frequency readings and increased 
eX communications with the 
system’s floating sea buoy. 
Communication occurs through 
bi-directional acoustic telemetry. 
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DID YOU KNOW? The 2004 tsunami released 1,502 times the energy of the Hiroshima atomic bomb 






The 2004 Indi 
Coen tsunami 


Claiming the lives of over 200,000"people, the Indian Ocean tsunam of 


2004 was literally off- eel | in t 





On 26 December 2004, an undersea 
megathrust earthquake caused a 
huge earth subduction and 
triggered a series of devastating 
tsunamis that ravaged almost all 
landmasses bordering on the 
Indian Ocean, killing over 230,000 
people in 14 different countries. The 
hypocentre of the main earthquake 
was approximately 100 miles off the 
western coast of northern Sumatra 
and emanated from the ocean floor 


Before 
An Ikonos satellite image of part of the northern 
coast of Aceh province, Sumatra, Indonesia before 
the 2004 tsunami struck. As shown, the landis 
covered in lush green vegetation and is modestly 
populated with buildings. 
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19 miles below the area’s mean sea 
level. Here, a massive rupture in 
the ocean floor caused massive 
tectonic plate movement as wellas 
the creation of numerous 
secondary faults that elevated the 
height and speed of generated 
waves to titanic levels. 

The fallout from the earthquake 
and resulting tsunami was the 
worst for over 50 years, with the 
event releasing a total of 1.1x107 


joules of energy. This level of energy 
release was comparable to 263 
megatons of TNT, over 1,502 times 
the energy released by the 
Hiroshima atomic bomb. Indeed, 
the rupture was so severe that the 
massive release of energy was so 
great it slightly altered the Earth’s 
rotation, causing it to wobble on its 
axis by up to 2.5cm. 

Further, when the British Royal 
Navy vessel HMS Scott surveyed 










The 2004 tsunami striking 
the coast of Thailand 


the seabed around the earthquake 
zone with a multi-beam sonar 
system, it revealed that it has 
drastically altered its topography. 
The event has caused 1,500m ridges 
to collapse into massive landslides 
kilometres long. The momentum of 
the water displaced by tectonic 
upshift had also dragged massive 
million-ton rocks over 1okm on the 
seabed andan entirely new 
oceanic trench had been exposed. 


AnIkonos satellite taken on29 December 2004, 
three days after the tsunami struck. As can beseen 
now, almost all of the immediate coastline has been 
completed submerged underwater and the huge, 
lush plains of vegetation have been severely 


encroached upon and washed away. Many 


buildings have also been submerged or destroyed. 
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than just 
aslime - they”, 
ave shaped ==“ 
human history — 
and will go on to 
protect our future 


Words by Charlie Evans 





DID YOU KNOW? Diactoms can thrive in the damp fur of sloths, where they work in symbiosis to help camouflage the animal 


















































ou can find algae almost anywhere you 
vy. can find water, from magnificent giant 

kelp forests rising from the ocean floor to 
the thin green film resting ona shallow pond. 
Over millions of years they have evolved to 
survive in the most extreme environments: deep 
within the ice of the Arctic, around acidic ocean 
vents and in lava flows. Even in puddles, within 
the bark of trees, and inside droplets of dew on 
grass in the morning, microscopic algae diatoms 
will be thriving - they are masters of survival. 

Algae have shaped life on our planet, and 
without them many ofthe species alive today 
wouldn't exist. Entire ocean ecosystems rely on 
them as a source of food, and over half of the 
oxygen we breathe comes from these 
remarkable organisms. Algae even play a role in 
the formation of clouds. 

Throughout human history they have 
sustained us through famines and provided our 
species with medicine and nutrition. Today, 
having harnessed the power of algae, we use 
them in everything from food and 
pharmaceuticals to cosmetics and fuel. They are 
arguably the most important organisms in the 
world, but could they offer us even more in the 
future? Around the world people are looking 
towards algae to provide solutions to some of our 
planet’s greatest challenges. 


WHAT ARE ALGAE? 

Algae area genetically diverse group of over 
48,000 different species. They come from a wide 
range of different evolutionary lineages that 
can't be truly classified as animals or plants. Asa 
result they are lumped into a group known as 
protists - a category for predominantly single- 
celled living organisms that don’t fit into any 
other. They are also ancient - fossil records 
indicate that red algae date back at least 1.6 
billion years. 

These simple organisms contain chlorophyll, 
which gives them the ability to photosynthesise, 
and they inhabit almost every body of water in 
the world. For freshwater and marine life, algae 
are the ultimate food source. Whether they eat 
algae directly, or eat an animal that does, every 
other organism in the water relies on them to 
obtain energy - they are the very foundations of 
the food chain, and some research suggests they 
might well be the foundations ofall life. 

The types of algae alive today are numerous, 
but they can be divided into two large groups 
—macroalgae and microalgae. You're probably 
familiar with macroalgae, or seaweed. 
Microalgae are their microscopic relatives. 

Seaweeds are plant-like organisms that live in 
the ocean or coastal areas by attaching 
themselves to rocks. They don’t have roots or 
leaves, instead absorbing all the nutrients they 
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need directly from the surrounding water. Their 
root-like structures are called holdfasts and 
these attach the seaweed to a hard surface, such 
as rocks or the seafloor. However, they don’t have 
the ability to move (translocate) fluid or minerals 
like plants’ roots do. 

The largest of the macroalgae is giant kelp, 
which grows in expansive underwater forests 
that can rise taller than a 20-storey building 
from the ocean floor. Just like a forest on land, 
these aquatic jungles support ecosystems. From 
tiny critters living among the holdfasts to larger 
animals like seals and otters that use them as 
feeding grounds, many creatures rely on these 
places for shelter, food, play and sleep. 

At the other end of the seaweed spectrum are 
the microalgae, single-celled organisms that are 
invisible to the naked eye. Many microalgae 
belong to a group called diatoms, which come in 
a kaleidoscope of colours and a variety of 
jewel-like shapes. Their unique silica shells, 
which form almost completely symmetrical 
patterns, are perforated to allow materials to 
diffuse across them. It’s thought that they first 
evolved around the Jurassic period, and they can 
be found today in almost any body of water. 

When these organisms die, they fall to the 
bottom of the sea or lake they inhabit and get 
mixed up with organic matter and clay to forma 
type of sediment known as diatomite. We use 
diatomite for many purposes, including water 
filters, cat litter, paints and facial scrubs. But the 
most valuable use of diatoms is within forensics 
- particularly in cases where a person may have 
drowned. Ina victim who has inhaled water, 
diatoms can enter their bloodstream and spread 
around the body. By examining a cadaver, 
scientists can determine if the victim was alive 
when they entered the water if they find diatoms 
in the bone marrow. Investigators can even 
determine ifa body was moved based on the 
particular species of diatom present. 


SEAWEED SUPERPOWERS 

We know that humans have eaten algae since 
prehistoric times. Edible seaweed is stilla 
common ingredient in many countries, such as 
the nori that surrounds many Japanese sushi 
dishes. Algae are far less common in Western 
diets, but there are growing efforts to change 
this. Consuming algae is a delicious way of 
introducing more vitamins and minerals into 
your diet. They are particularly rich sources of 
beta-carotene (provitamin A) and iodine, which 
we need to make hormones that keep our 
metabolism healthy. Studies suggest that iodine 
deficiency is rather common in the UK (which 
ranks seventh in the ten most iodine-deficient 
nations in the world); increasing our seaweed 
consumption could help reduce this problem. 
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Entire ecosystems rely on the 
large kelp forests in our oceans 


Perhaps the most valuable algal product isasa 
source of fatty acid supplementation in food 
products, as it contains huge amounts of both 
mono- and polyunsaturated fats. Ifyou want to 
try edible seaweed, it is easy to introduce into 
your diet and can be eaten raw or dried. 

However, algae can do more than just fuel our 
bodies - they can fuel our vehicles too. As our 


“Increasing seaweed 
consumption in 
the UK could help 
reduce levels of 
lodine deficiency" 
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Dinoflagellates are a curious group of 
organisms that are similar to diatoms: they are 
ral Ceagey-xoxe) o) (omm-d ale) (stxex=1 (ste Wr-lale Matlin ary ol=\e (13 
can photosynthesise. While they are 
sometimes classed as algae, scientists 
regularly debate this taxonomic placement 
because dinoflagellates’ genomes are much 
larger than those of other algae. 

One of the best-known properties of 
dinoflagellates is that some species can 
bioluminesce. If they are disturbed, they emit a 
flash of bright blue light, causing the surface 
of the water to sparkle. The secret to their 
stunning light display is within the cytoplasmic 


More than 18 dinoflagellates are bioluminescent; 
the majority of them emit a blue-green light 


bodies called scintillons that involves a 
luciferase-catalysed reaction of luciferin. To us 
it looks beautiful, but the dinoflagellates use 
the light as a defence mechanism to scare 
away potential predators. 

A more sinister property of these tiny 
organisms is that some species can form ‘red 
id (e(=\-smm BM ats¥x-WalUle(-W 0) (okelunrcme) mel laveyarele(=)|f-1 Kt 
occur when their populations rapidly increase, 
forming a visible discolouration across the 
water. Some species even release toxins that 
are harmful to marine wildlife. The 
decomposition of these large blooms can also 
result in a depletion of oxygen in the water. 


Even if the red tide dinoflagellates themselves 
aren't harmful, the decomposition of large 
vo) folefaal-xer-laMlateligcteis Nal selasa Rant ecosystem 
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planet starts to move away from fossil fuels, we 
have started to make biofuels from crops, but 
scientists are now investigating algal fuelas an 
even better alternative. The industry has even 


spawned a new word to describe it - algaculture. 


Some species of algae can produce more than 60 
per cent of their dry weight in the form of oil, 
which is perfect for powering our vehicles. Even 
better, algae isn’t a fussy grower. Unlike soy or 
corn, cultivators wouldn't need to drain the 
Earth’s freshwater, because algae can thrive in 
salt water or even sewage. It would also give 
humanity the opportunity to utilise land that is 
unsuitable for traditional agriculture. 

There are benefits for the environment too - 
devastating oil spills would be a catastrophe of 
the past, as algal biofuel is almost completely 
harmless. Two possible species that are being 
investigated as a new fuel source include 
sargassum and chlorella, which havea 
harvesting cycle of less than ten days, meaning 
fuel could be produced much faster than the 
annual cultivation of current biofuel crops. 


ALGAE IN THE FUTURE 

Algae has shaped human history and every 
ecosystem on our planet, and it plays a part in 
controlling our climate, but what will these 
protists be helping us with in the future? 
Companies around the world are using these 
organisms as architectural cladding, 
lampshades, yarn and textile dye. It could even 
help us tackle climate change and plastic 
pollution. Every plastic straw you ever used still 
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Algae cultivators have:to be inventive to 
findsways to keep the organisms exposed 
to the sunlight, they need to thrive 
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? Biofuels burn cleaner than fossil fuels, which means they emit lower levels of greenhouse gases 


Conservationist Tim 
van Berkel cofounded 
the Cornish Seaweed 
Company, which 
harvests quality 
edible seaweed from 
the southwest coast 
of the UK. The 
company is the first in 
England to trial 
seaweed cultivation, 
and it’s the largest 
seaweed company in 
the country. 


Which seaweeds are you harvesting? 

We harvest a lot, including kelp, sea spaghetti, 
bladderwrack, dulse, gutweed and sea lettuce. 
We have also just started a small cultivation trial 
using sugar kelp. At the moment we only harvest 
from the wild in Cornwall, but the trial we have 
started is on lines in the sea. 


Is there any impact on the environment to 
harvesting or cultivating seaweed? 

We only work with local plants and we make sure 
we do it in an area where we don’t impact on 
other species that are already there. The 
cultivation itself is beneficial for the environment. 
You don’t need fertiliser or pesticides, and it 
soaks up carbon dioxide, nitrates and phosphates. 
It also forms a safe zone where fish and other 
animals can spawn. 


How do you harvest seaweed from the wild? 
We go down to the beach at low tide and walk 
around with scissors and give them a bit of a 
haircut. Then we wash it and dry it in specific 
drying kilns we developed ourselves. We also 
harvest by free-diving for some species, because 
it’s easier than slipping over the rocks. We use a 
snorkel, mask, wetsuit, weight belts, and we go 
up and down 50 to 100 times to get the seaweed. 
It’s fun. If the weather is good, it’s great! 


Are there any threats to the seaweeds’ 
agriculture, such as disease or grazing 
marine life? 

The biggest danger we have is climate change, 
especially the kelp and sea spaghetti - they are 
disappearing. We see species of kelp that 
shouldn't be here, but it’s making its way up - 
that could take over our native species. 


Why is seaweed so important to us? 

It’s the most nutritious food source in the world; it 
has more vitamins and more minerals than 
anything else you can think of [sic]. It’s incredible. 
We are now learning they contain substances that 
are antiviral, antibacterial and may help fight a 
range of diseases - it’s phenomenal. And it does 
more. Bioplastics [made from seaweed] is going 
to be the next thing - it’s going to save the world. 


Which seaweed is your favourite to eat? Do 
you recommend any for our readers to try? 
Try sea spaghetti; that is definitely the nicest you 
can eat straight from raw. Dulse is probably my 
other favourite. It’s bacony, quite salty - | like to 
eat it raw as a snack or add it to a curry. 
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Channelled wrack 


exists — and it will probably still exist when your iP? This deep-green-coloured 
great grandchildren are born. This is because brown algae is found high 

. 1 an. . on the shoreline attached ae 
plastic doesn’t degrade, E feet breaks down into ae Se er AT A Fucus spiralis 
smaller and smaller toxic pieces. It’s becomea ’ This variety displays 


a characteristic 
ridge along the edge 
Ph ve of its receptacles. 


massive problem for our oceans, but scientists 

and designers have started to look at algae fora 
solution. Both new and established companies | 
are investigating ways of using seaweed-based RT ats 










bioplastics to replace conventional plastics in % Ulva lactuca 
hey f 1 5 . Sporting crumpled, 
their products, from bottles to car bodies. a WW fransclucant ronds, 
Algopack, based in Saint-Malo, France, is one Ne iy this species is found 
of these pioneering companies. They’ve : along all but the most 
evelooeda DiopiacHicth il Gutweed whe exposed shorelines. 
eveloped a bioplastic that uses a naturally This bilan green as la 
occurring polymer from algae to produce fully algae is found in rock 
biodegradable granules that completely pools and can attach 


d ithi kek anda fi itself to sand, mud 
ecompose within 12 weeks in soil and just five Sind Karel cibistrates: 


hours in water. And they're not the only ones ee 
who want to start a bioplastic revolution. 


Dutch designers Erin Klarenbeek and Maartje Seaweed 


Dros have spent years perfecting a bioplastic 


ZB Z a 
polymer that can be used to print 3D objects. The d istri bution 
entrepreneurs cultivate algae before drying and These global species live on the shoreline, ; 

dane ‘ each thriving in a different spot b= 
processing it, and they can make everything 2x 
from tableware to shampoo bottles. 

Even larger companies are now getting 
involved. In 2009, the car manufacturer Toyota 
announced that it is looking to developa 
kelp-based bioplastic to be used for car bodies. 
“[Carbon-fibre-reinforced plastic] is made from 
oil. In the future, I’m sure we will have access to 
new and better materials... In fact, I want to 
create such a vehicle from seaweed because 
Japan is surrounded by the sea,” said the project 
manager, Tetsuya Kaida. 

Can you imagine yourself sipping from an 
algae water bottle before preparing yourselfa 
seaweed snack, then getting into your algae Indonesian seaweed farms are > important 
bioplastic car? One day this may be a reality. food source for many local people 


Bladderwrack 
nee This mid-shore algae 
has distinctive paired 
_ air bladders that keep | 
its fronds afloat. 


J 


es ak. 






| JAPAN 
Nori (Pyropia yezoensis/tenera) 
This dried red algae is used to wrap 
sushi and to garnish/flavour noodles 
and soups. It is farmed in the ocean 
and made into sheets in a process 
similar to papermaking. 





















ICELAND 

Dulse (Palmaria palmata) 
This bacon-flavoured seaweed is eaten 
in Iceland, historically by boiling it with 
milk or eating it alone with butter. 
Today it is used to flavour soups and 
casseroles or garnish dishes. 


PHILIPPINES 
Sea grapes 
(Caulerpa lentillifera) 

This is a soft and succulent 
seaweed eaten raw with 
vinegar, usually in a salad 
dressed with fish sauce and 
accompanied by chopped 
raw shallots and tomatoes. 



















) } 
NEW ZEALAND 
Karengo (Pyropia columbina) 
Karengo is eaten by the Maori of New 
Zealand, who pick and Sun-dry it. It is 
then steamed or simmered before 
being used in dishes that include 
soups, rice and omelettes. 


‘o, 
WALES 


Laverbread (Porphyra umbilicalis) 
A puree is made from boiling laver 
seaweed and mixing it with lemon juice, 
olive oil, salt and pepper. It is served 
with shellfish, hot buttered toast or as 
part of a fried breakfast. 
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DID YOU KNOW? Some seaweeds contain cancer-fighting agents that are being investigating as a treatment for leukaemia 


The longest giant kelp on 


record reached a height of : 


65m 


- equivalent to a 
21-storey building! 


Fucus serratus 


This olive-brown seaweed 


displays serrated edges, 
and its fronds have an 
orange peel-like texture. 


5 O 
85% 20 MILLION == 
The estimated proportion of ae 


Earth’s oxygen produced by algae : 


2: : There are 
-Arou nd 1 ooo0km : ? approximately 
: of shallow coastlines are Tanned for noriin Japan : 16,500-19,500 


species of the 
: edible brown, 


















Algal blooms can contain up to 
: of seaweed can provide 
between 11-1,989% of your 
daily recommended iodine, 
depending on the species 





dinoflagellate cells per litre of which... 


Dulse 

Similar only in name to the 
pepper dulse, this species 
has tough, red, blade- 






shaped fronds. 






Dumonts 
This small red algae has 


irregular dark red-brown 
tubular fronds and 
flourishes in winter. 











ii -—~ Forest kelp 


This tough kelp 
grows in flat, broad 
blades with large 
branched holdfasts. 






Nori porphyra 
This seaweed consists of 

_ delicate, thin purple-brown 

- fronds and is able to bore into 
calcium carbonate substrates. 









~ Sea spaghetti 

As the name suggests, this 
brown seaweed resembles 
spaghetti. It grows from small, 
button-shaped thalli (roots). 


Pepper dulse 
This small, red, 
cartilaginous algae features 
flattened fronds and is 
found in the tidal zone. 





Sugar kelp 

This large brown kelp 
displays individual fronds 
with an undulating margin 
that resembles a frill. 






© Getty; Pixabay; Illustration by The Art Agency/Sandra Doyle 
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The acid threat 


1DYU(-m xoWr-M alte] at=\an (=\"A-) Meymer-lqlelame|(ey.d(e(-Mlamuats) 
Earth’s atmosphere, in part caused by the 
LoYUT ga) lave Key im cey=s1] Mi iUl~) S¥ar-IN alte] alcYam (-\A-) Rey imer-] aq ofey a] 
dioxide is absorbed into the oceans. This 
lowers the water’s pH and causes the seas to 
become more acidic. 

Since the Industrial Revolution, levels of 
carbon dioxide in the atmosphere have 
increased from 280 parts per million (ppm) to 
over 400ppm. As ocean acidification 
continues, the increasingly acidic waters make 
it harder for phytoplankton to absorb nutrients, 
making them more susceptible to disease. 
Certain types of phytoplankton are particularly 
vulnerable, such as those who build their shells 
Licelaamer=|(ell0lnaMer-]q ole) ar-1x-¥am fal icmexe)any eXelelale| 
dissolves more readily in a more acidic ocean, 
Flare Mi uateM olalant-lavameleli(ellarem o) (oer, ey minal iaciate) 
(carbonate ions) are less available in the water. 

This has huge implications for the entire 
marine ecosystem, the production of oxygen 
for our atmosphere and eventually change the 
balance of plankton species in our waters. 
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Diatoms are some of 
the largest and fastest- 
Taalelin|e)\Alae may ecsmey 
fe)anvane)®)f-]alane)ammsyo)aat=Mer-la) 
reproduce up to 100,000 
times in a month! 
















ea anvace)®)f-)aane)amex=) | 
lengths span several 
fo) ce (<1 ecme) mant-lelaliaele (2M 
From less than 2 
micrometres to about 
200 micrometres 


DID YOU KNOW? ‘Phytoplankton’ derives from the Greek ‘phyto’ [plant] and ‘planktos’ (wanderer) 


The importance (23 
of phytopl ankt on Ae Meee care 


fee) el0|f-1u(e)amer-lam eXelelanMV-1avae [0 (e.4\ Van (am [Uli ar- In o\V 
days (or sometimes even hours) a stretch of 

(oi {-¥-] al 0) [U[-Moxex-t- la Ker-1aN X-mNe-lacicelan nomial cont-] 
soupy green liquid — this happens to such an 
extent that great swathes of plankton blooms 



















Forget whales, sharks and the giant squid: it’s the are easily visible from space. 
ll li * . : h * I h Mi alicwe]e)] limancom 7-1 cela maatcM o)t-lalane)amicelaaW-li-le 
smallest living organisms in the briny blue that has allowed scientists to build up a 
1 7 1 comprehensive study of plankton blooms over 
keep life on our planet working as it should Sat ee eet La anal 
Tate |(er=) Ke) @eyme) (0) ef] Mel l[aateix=mern! . Satellit 
hytoplankton are the definition of the (deep, cold water rises up to the surface) brings a SI a Gea ae eae 
phrase ‘all good things come in small essential nutrient-rich water to the surface. occurring, along with the size, rate and density 
packages’. Simply put, most of these little Phytoplankton are crucial for life on Earth of the bloom. They can also identify the type of 
: : ree on : : fo) FeYal auo)a-lavem=\Vicl am e-\el @iual-Me(=\V(2)(e)o)ani-)nime) i 
ocean drifters are microscopic, single-celled — it’s almost unimaginable to think of a world harmful algal blooms. While most 
plant-like organisms that photosynthesise and without them. The tiny organisms form the basis phytoplankton blooms are non-toxic, there are 
can be found in both marine and freshwaterand _ ofthe entire oceanic food web, some species that can cause harmful or toxic 
4 ; : ae : : effects in marine animals and humans. 
are present in all of the world’s oceans. Theylive § photosynthesising to turn sunlight into energy 
in the euphotic zone (the topmost layer of and providing food for small filter-feeders 
the ocean) where sunlight is and grazers, which in turn are food 
plentiful. There are so many Some species of for larger animals, including 





that ifyou scooped upa __ Phytoplankton are the fish on our own plates. 
bioluminescent — they emit 

Coke can of seawater light when they are disturbed The phytoplankton 
you'd probably have also have a huge 
bagged yourself as e impact on our 
many as 75-100 atmosphere as they 
million individual are responsible for 
phytoplankton. producing at least 50 

Accompanying per cent of Earth’s 
the phytoplankton oxygen. They are 
in this heady mix of also animportant 
ocean soup are the carbon sink, taking in 
zooplankton, which carbon dioxide from 
are tiny animals —some the atmosphere that is 
are the larval stages of then pulled to the bottom 
much bigger creatures, others of the ocean when the Ae 

Blooming in the lakes, seas and oceans, plankton 
will remain as just tiny beasts. All phytoplankton dies. Over millions can clearly show the whirls and tracks of currents 
plankton are unable to swim against the of years these plankton (along with other 
ocean currents and so they float at the mercy of marine creatures and organic matter) build up P x : 
the waves. However, there areareaswheremore _inlayers on the seabed, which, under intense The tl Nu Of g anisms 
phytoplankton occur, usually where upwelling pressure and heat, can form oil or natural gas. I 
orm the basis of 


the entire oceanic 


Common types of phytoplankton 1: <<ai. food web" 


There are around 5,000 types of phytoplankton. Here are five of the most common ones 


MWA 4 
\\i a Se 





2 4p ex, 
sp ee 
Cyanobacteria Diatom Dinoflagellate Green algae Coccolithophore 
Not actually algae, these A common type of Some dinoflagellates are Members of this huge, informal The single cell of the 
bacteria were the first phytoplankton, the diatom’s cell bioluminescent while others group of algal types (which coccolithophore is covered in 
organisms to produce significant wall is made of silica (which is produce toxic ‘red tides’ that are contains about 8,000 species) minuscule discs made of calcite, 
volumes of oxygen via the main component of glass) lethal to marine life. They have are the ancestors of land plants. or chalk, which accumulate on 
photosynthesis some 2.4 billion and the many beautiful ‘flagella’, tiny whip-like They live as single cells as well the seabed when the cell dies. 
years ago — changing the perforations allow nutrients to structures that allow for as forming large colonies in Billions of coccolithophores 
Earth’s atmosphere forever. enter and remove waste. movement in the water. marine and fresh water. created the white cliffs of Dover. 
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©Norman Kuring, NASA’s Ocean Biology Processing Group; NOAA MESA Project; Getty; Illustrations by Alex Phoenix 


cl SECRETS OF THE SEA 


CORAL REEFS 


2.016 saw some surprising discoveries in the 
study of coral, including brand-new reefs 


coral polyponits own can measure justa 

few millimetresin size, but-when it joins 

AVsldoMoldel-vashuopioyenel-ee)lyanat-telouuel: 
colony joins with other species to make areef, 
those tiny polyps create one of the largest 
structures on Earth. It’s thought that coral reefs 








































contain 25 percent of our planet’s biodiversity, 1. Clear water 
but cover just 0.2 per cent ofits surface! Crystal-clear water helps 
There are two types: hard and soft. The hard Cofals thee 2> Melk 
’ symbiotic algae have plenty of 
corals are the reef architects - they secrete a hard, sunlight to photosynthesise. 


slow-growing skeleton of calcium carbonate that 
fuses together over time to create the giant, 
natural barriers. Soft corals secrete skeletons that 
aren't as tough, but they still play a key partin 
reef growth and health. 

The corals that grow in the shallows need 
super clear water, as light is essential for their 
growth. Their tissues contain tiny algal cells 
called zooxanthellae that photosynthesise and 
provide the coral with food. The algae also gives 
the coral its tropical, vibrant hue, turning the reef 
ibook WalolMoyaesieloyest-vavel-nue) (ole 

Deep-water corals don’t rely on symbiotic algae 
for food because they live in the dark, so instead 
they catch their own. Corals have a surprising 
method of predation. Each individual polypina 
colony has stinging cells called nematocysts that 
are triggered by touch. Depending on the species, 
the nematocysts can deliver a powerful and 
sometimes lethal toxin, allowing the coral to take 
down prey. 

With everything in delicate balance, coral reefs 
that live near land often rely on other interlinked 
ecosystems nearby to thrive. Mangroves are 
important, as these salt-water trees trap 


2. Stony corals 
The reef builders - hard 


calcium carbonate skeletons 
build up over time to form 
huge reef structures. 


DID YOU KNOW? Anew coral reef fish species discovered in Hawaii was named Tosanoides Obama after the 44th US president 


For most coral reefs to flourish 
they need clear water and 
plenty of sunlight 


4. Reef life 

Thousands of animals make 
use of the safety and 
productivity of the reef. 


3. Soft corals 

Living on and within the hard 
coral structures, soft corals 
add to reef diversity. 





1. Spawning 2. Rising 3. Larvae 
Corals release both spermand Many eggs are soon fertilised. The cells drift and continue & 
eggs into the water at the The cells rise to the surface to divide until they have z 
same time. F-TaeM of-vellamnomel \Vi(e(om developed into coral larvae. 8 
p> 
a 
§ 
4. Substrate 5. Settling 6. Growth & maturity s 
if Once the larvae are large Once settled, hard coral starts Growing mere centimetres = 
p enough, they begin to sink to produce a skeleton of annually, it takes many years 3 
toward the ocean floor. calcium carbonate. for a new coral reef to form. g 
é 
) 
ad 
< [0}s52) 


cl Sseeeelo OF THE SEA 


Artificial reefs 


An artificial reef is anything in the sea built 
by humans that has been colonised by 
(oxo) 7-1 ir-]ale i=] (ef-(-Melmcoldal-lar-lalelgulcialare) 
species. Oil platforms, piers, jetties and 
sunken debris are all artificial reefs, 
providing substrate for all kinds of marine 
iccmxonel [late mxoMmy Valco aM iamael gam eldlatesmiciam-late) 
many other creatures to the reef in search 
(om 4a(-M celelei- lave Mo) ge)x-Yeid(o)alr-\7-11(-le)(-¥ 

Many reefs have been sunk deliberately 
to encourage marine life to an otherwise 
featureless location, such as 
decommissioned warships, train carriages 
relate Mell lnro) psct-1 avd (X-Me)| Male [oMesi-l ail (<1 go o-fel amine) 
arrive almost immediately, and after a few 
Taatevalaascmaat-lai acc lix-myUlimol-wmiCelelarialiaremeyal 
the underwater structure. 


Warming ocean 

Rising temperatures induce thermal 
stress in corals. They expel their 
symbiotic zooxanthellae and whole 
colonies can die in a process called 
bleaching. Temperature increases 
also raise the risk of diseases. 





Sea level rise 

This can be accompanied with higher 
levels of sedimentation, which can 
smother coral and also pollute the 
water. This prevents sunlight from 
reaching the zooxanthellae, so they 
cannot photosynthesise for the coral. 


Storms 

Climate change can affect the 
intensity, frequency and distribution 
of storm patterns. Although reefs can 
recover from storm damage, this 
takes time. A period of storms may 
severely damage a reef. 





DID YOU KNOW? The summit of the Anton Dohrn Seamount corals — found 320km off Scotland — is at g depth of 600m 


Cold-water reefs 


Not all corals are found in tropical water; 

in fact, some of the most widespread corals 
found in all ocean basins are in deep water. 
These amazing species don’t need light or 
photosynthesising zooxanthellae to survive, 
and they are able to expand and thrive in 
the depths of complete darkness, albeit 
slowly. They get their energy and nutrients 
by catching food particles that float by in 
the water. 

These coral types prefer to live in areas 
with fast-flowing currents where food will 
be plentiful, such as continental shelves, 
seamounts, ledges and pinnacles. They 
have even been found living in water as cold 
as -1 degree Celsius and as far south as 
Antarctic waters. 

The largest cold-water coral reef is off the 
coast of Rest Island in Norway, which 
measures around 40 kilometres in length. 
Like warm-water reefs, the cold-water 
varieties provide a haven for all kinds of 
marine life, including starfish and worms. 


The secret reef 


altel tae m e=Vallavemaa(=Melg=r-l@st-laq(-10 The bioherms are deeper 


Reef is another giant reef than the Great Barrier Reef, but 
system that until 2016 was it is estimated they are about 
largely unknown. Nicknamed the same age. Some measure 
the ‘doughnut reef’, it primarily Taliat-man\-4e-s-m al(e]alr- late Me) {-1am koi@) 
comprises bioherms - large metres across. The fast- 
calcified structures left behind fel ge)w alate pra] (ef-\=Me(-) oles) ma¥r-] 
Flare ofUi| me) oXo)aM o\mdal-Me] q-t-10) Cor-](or[U lan Meor=] q oXe)are1ne Ws} <2) (2110) p=] 
Fl fe Felom are] lipatexe lel it ages, like rings on a tree, 
Scientists were shocked to allowing researchers to see the 
see that the bioherm reef FYe(=Mo) im datcW o)(o)at=\aaalcMmslaecehylare) 
covers a whopping 5,957 these structures also allows 
square kilometres. All was scientists to tap into records of 
revealed when high-resolution ocean temperature and acidity 
airborne LiDAR technology was that date back to the last Ice ; 
used to create an accurate 3D Age contained within the ven Cold-water corals have a wide distribution 
map of the seafloor. mineral deposits. , because they do not rely on sunlight to survive 





Increased run-off Ocean acidification 

An excess of fresh water, along with Ch anges to ocean currents The ocean absorbs approximately 
run-off from land containing This can cause problems with ocean one-third of excess CO, in the 
fertilisers and chemicals can cause temperatures and the flow of nutrients atmosphere, making it more acidic. 
algal blooms. These spread across though the ecosystem, as well as coral This slows the rate that corals can 
the sea surface, taking precious dispersal and spawning, and also alter the create CaCO, skeletons, hampering 
nutrients the coral need to survive. availability of food for deep-water corals. growth and weakening structure. 
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ad LIFE BENEATH THE WAVES 


Life on the coral reef | 


Explore the rainforest of the seas and the 
creatures that call it home 


oral reefs are one of the most diverse 

ecosystems on the planet, and thousands 

ofsea creatures call it home, from 
microscopic organisms to enormous predators. In 
fact, the coral is an entire colony of living animals 
initself, because unlike plants, corals do not make 
their own food. They spread across the ocean floor 
and provide shelter and food for the reef’s other 


Anatomy of coral 


Coral is in fact a colony of hundreds or 
Lia Toyelcr-]ale sme) m-lallant=] (Mere) |(=rel ole) hy o)-3 


Size 
Most polyps range from 
1-3mm (0.04-0.1in) in 
diameter, but some corals 
have single polyps that 
can grow to up to 25cm 
(10in) in diameter. 


Reproduction 
Polyps can 
reproduce both 
sexually and 
asexually in their 
Tigevalaaleym acile)iare] 
them to increase 
felhVclasyinvar-lace! 
Jelgct-lemiUlaualqla 


Tissue layer 
The coral skeleton is 
covered with a layer of 
tissue that allows the 
polyps to distribute 
nutrients between them. 















Skeleton 

Hard coral polyps secrete 
calcium carbonate from 
their base, forming a 
protective skeleton that 
connects them together. 
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Stomach 
The stomach at the 
centre of each 
polyp has a single 
opening that is 
[UisteYe i ko ave(==1m (ofele| 
and excrete waste. 


residents. Tiny plantlike organisms called 
phytoplankton sit at the bottom of the reef food 
chain, getting their energy from the sunlight that 
penetrates the shallow water. They serve as food 
for larger zooplankton, which are in turn eaten by 
corals, sponges, sea urchins and a whole host of 
other creatures. Several species of fish, mollusc 


and crustacean then take advantage of this buffet, 


Shallow reefs 


Reefs typically grow best at 
depths of 18-27m (60-90ft), 
shallow enough for sunlight to 











before they become lunch for the 

sharks, rays and the marine yy 
mammalsat the top of the chain. ~ . ” 
Each creature plays an important 
role in this delicate ecosystem, 
which requires a specific set 

of characteristics 
to survive. 









reach the coral for photosynthesis. 













Tentacles 
Tentacles, typically in 
sets of six, are used 
sie) me(-ai-lalex-W-] ale mKe) 
capture and pass 
iceteleMialcomaal-Manteleiaan 


Stinging cells 


a 


Growth 
Polyps initially attach 
sol cole! <cw-]aleMe)aatclg 
debris. Eventually, new 
polyps grow on dead 
polyp skeletons to 


build up as coral. Protection 


(Oxo) ¢=1 0 Le) \Y/ o= Kore] a) 
retract their tentacles 
into their hard skeleton 
for protection if a 

fe) gee f-] Ke) @r-] 0) 0) cey-[e g\-oe 


Nematocysts fire from 
each tentacle, injecting 
poison into the coral’s prey 
to immobilise or kill them. 


fe. whee. ae 


Zooxanthellae algae lives in 
the coral’s tissue, trapping 
sunlight to provide energy 

Fate Ma-Yer-v\ lave Ker=19 ele)a) 
folfoydtel-W-laremaliecete(-lamicelany 
the polyps in return. 




































Deep-sea coral 

Some coral reefs can be 
found at depths up to 6,000m 
(20,000ft) but all their energy 
comes from consuming prey 
instead of photosynthesis. 












25% 


of all marine life can 
loY=M oleate a Mexe) ¢-1| 
reefs 
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Z rf. 
| Clear waters 


| Warm water between 21-29°C 

| (70-85°F) is best for coral, as it 

} contains fewer plankton and is clearer, 
allowing sunlight to penetrate. 


-« & 
_. 


t4 YA i 
Salty home 

_ Coral can only grow in 

, saltwater, so you'll never 

find a reef in areas 

» where freshwater rivers 


| flow out into the sea. 


= 
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Most coral species are yellow or 
brown, the colour of their 

© symbiotic algae, but others 
contain colour pigments that 
help protect them from UV light. 










Soft corals 
Some coral polyps are 
joined together by a 
jelly-like tissue containing 
spiny skeletal elements 
instead of a hard skeleton. 









. The age of the w ‘Si 
Bier) (0 {=s=) mere) ¢-] Reve) (0) nV 








Types of coral reef 


poses Mangroves 










ae Rocky shore Reef crest 


Reef flat a 


Reef slope ------------------- 





Fringing reef 
The most common type of reefis a fringing reef. They grow 
directly from land, creating a border along the shoreline. 


---- Patch reefs 


: Sand clay 
i : Spur and 


Lagoon: -""\ao4 =" = =" groove 


Back-reef ---** 
slope 


Reef flat ---------* 


Reef crest.-------------------2e-------! 
Fore-reef slope -----------------==+-- 
Barrier reef 


Although they also form parallel to the land, barrier reefs grow 
further out to sea and are separated from the shore by a lagoon. 


Lagoon 8. eee Sand clay 


Reef flat 


oes : Spur and 


~ groove 






Fore-reef — 
(outer) slope 


Atolls 
Over time, a volcano or seamount surrounded by a reef 
erodes or rising sea levels cause it to flood. This forms an 
atoll with a lagoon in the centre. 
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CREATURES OF THE REEF 


The valuable benefits of these underwater communities 


As wellas serving asa home and restaurant for an 
incredible array of creatures, coral reefs provide 
huge benefits for humans too. The underwater 
structures help to protect shorelines, absorbing 
go per cent of the energy from wind-generated 
waves. This significantly limits the damage 
caused by storms and erosion. 

The fishing industry is also reliant on the reefs, 
as its inhabitants are a major food source for over 
a billion people worldwide and capturing them 


“Coral reefs help to protect shorelines, absorbing go 
per cent of the energy from wind-generated waves: 


Fire coral 

One of the few 
corals harmful to 
humans, its stinging 
cells release a toxin 
that creates a ' 
burning sensation : 
on the skin. s sf 


e 


~ 


Giant clam 

The coloured 
spots on this clam 
sense light. If a 
shadow falls over it, 
the clam retreats 
into its shell. 


A species of fish 
supported by 
coral reefs 


‘ rain c 

So called because © 
of its striking : 
resemblance to the 
human brain, these 
coral mounds can 
grow up to 2.4m (8 





. in diameter. 3 
S., . ‘ ae 
4 Orange 5 Purple) \ 
starfish sea urchi 
This colourful Each urchin Sel 
echinoderm feeds on grow toa =) 


small sea sponges 
and algae. They can 
also regenerate 
damaged limbs. 


diameter of LOcm~ Su 
(4in) and its shane 


spines are used to 
deter predators: 
. Ney i) } 
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provides vital income for those living in remote 
areas. The trade of ornamental aquarium fish is 
also a big industry, and other creatures and plants 
found on the reef are important sources of 
medicines, used to treat a range of conditions 
from arthritis to cancer. 


<0.1% 


of the world’s ocean 
bi (oXo) a ore) V{=1 2X0 fl og 


G Loggerhead 
sea turtle 


Larger specimens of these 
enormous sea reptiles can 
exceed 2m (6.6ft) in length 
and reach weights of over 


coral reefs 





However, tourism is perhaps the biggest benefit gavka @e2b). 
as the millions of snorkelers and scuba divers that 
visit the reefs each year inject an estimated £6.2 ; ont =. = ez 
billion ($9.6 billion) into the global economy. #;, +7) ry pe 


'9) “eS > IP 
| BORE 

























Clownfish 

Clownfish clean and 
protect the sea anemones 
in which they live in 
exchange for a safe home. 


Queen angelfish 
One of the most 
striking species of reef 
fish, these colourful 
creatures are very shy 
and often live alone. 
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~ @Orange fireworm 
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DID YOU KNOW? The limestone skeleton of corals has been tested as bone grafts, as a scoffold for fractures to heal around 


1 Manta ray 
Although 


sometimes referred to Protecting rece) ee) | reefs 


as devil rays, these 
creatures, which have There are a number of factors threatening the world’s 


® wingspans of over coral reefs. Global climate change is causing sea 
4.6m (15ft), are t aie ath t 5 
Botiiaily very gentle: emperatures to rise and the water to become more 
= a acidic, and coastal agriculture, deforestation and 
y urbanisation is resulting in an increase in sediment 
1 Tube and other pollutants seeping into the ocean. Both of 
sponge these factors are altering the coral’s habitat, causing it 
Sponges have no H ee F i 
to expel its symbiotic algae and lose its main source of 
organs and feed by : : 
absorbing water food ina process knownas coral bleaching. Over- 
through their pores fishing is also disrupting the delicate reef ecosystem 
abe pltening ie and nets and boats can often damage the coral too. 


Tiger shark nutrients. te 
This enormous Many coral reefs now fall within marine protected 
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me predator will eat Purple areas (MPAs), with coastal and fishing-management 

ONS almost anything and is Pp ach iT < sabbadat 

i ee acaaicee base strategies implemented in order to prevent further 

H secon adiles 
et es shark tohumans, after anemone damage. Attempts are also being made to try to restore 
eat These relatives of : : : : 
5 the great white shark. sick reefs with a process called mineral accretion. It 
kilometre of reef 9 coral are often home ; a 

each year to clownfish, one of involves submerging a metal structure that hasa 


the few fish species low-voltage electric current running through it into the 
eae 10 water. The current causes natural minerals in the 
seawater to adhere to it and crystallise forming hard 


P shells similar to that of coral. These structures soon 
1 Red hermit 


crab become home to fish and other marine life. Some 
These crustaceans scientists are also trying to crossbreed hardier species of 
carry around a shell coral and introduce tough new species into reefs with the 


home as protection, z : 
94 form an orderly hope that they can survive the effects of climate change. 
queue to swap shells => 

with other crabs. 


1 Sea pen 
These soft 


corals can move 
around on the ocean 
_ floor, and often bury 
themselves in the 

~ sand during the day. 


1 Moon 
coral 


This species of coral 
contains a 
fluorescent protein 
that glows green 

~ when exposed to 
blue light. 





Be | ) ; ras ne Mineral accretion forms a composite of limestone and brucite, 
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* The world’s largest 
‘ coral reefs 
1 Great Barrier Reef 


1 Blue- 
ringed 


octopus ‘ 
This ne octopus is < ; hie . 2 Red Sea Coral Reef 
Actually one of he =n f > “3 New Caledonia Barrier Reef 
' * "7 , 4 Mesoamerican Barrier 

world’s most m4 Jing ¥ Reef 
venomous animals ’ ‘ h : 

' “ ‘ 5 Florida Reef 
and its bite can killa : 

4 - 6 Andros Barrier Reef 
human in minutes. © “ y * 4 ae 
‘ ~~ 
a | E » 
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DEADLY OCEAN PREDATORS AND THEIR FIGHT FOR SURVIVAL 
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ielberg’s 1975 smash-hit Jaws, 
8 vark is the poster animal 






a 

shark species out there, it’s tr tthese fish are 
colossal chunks of muscle and teeth. But there’s 
so much more to the great white shark - and 
indeed all shark species - than being the fictional 
man-eater of Amity Island. 

Allsharks belong to the class Chondrichthyes 
that also includes skates and.rays. These critters 
all have cartilaginous skeletons (the same 
material that makes up the structure of our ears 
and noses), which makes them very light, 
enabling them to cut through the water. Their 
streamlined shape is ofa pointed, tapered 
silhouette with angular fins and astrong tail. 

There are many different types of sharks that 
are found in oceans across the world, from 
colossal hunters to tiny little bottom-dwelling 
species. They are often organised into eight 
orders according to their body shape and other 
taxonomic factors. The great white, for example, is 





With sensory organs spread over a 
wide head, hammerheads are 
well-equipped to sense prey 


Sharks by numbers 


7050km/h4 
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Life span of a male 
great white shark 







Amount of 
plankton a 





“Each shark has 
G killer set of 
gdaptations for 
hunting, from 
nose to tail tip” 


amember of the Lamniformes, or the ‘mackerel 
sharks’. Along with others such as the basking, 
sand tiger and mako sharks, these fish are large 
and ferocious-looking, with mouths that extend 
behind their eyes, two spine-free dorsal fins and 
five gill slits, among other features. 

Each shark has a killer set of adaptations for 
hunting, from nose to tail tip. Even their skin is 
prepped for the cause - this is made up of aseries 
ofscales called dermal denticles, which act as an 
outer coating for easy movement. 

Having conquered most of the oceans, specific 
shark species have evolved amazing ways of 
dealing with their environment. For example, the 
hammerhead’s mallet-like skull is a direct 
adaptation for finding its favourite food -rays-on 
idel=nofeccr-vouiloleyemsyuonbdt-vahyae) lular) et-balepotc\cnsa00ts 
that have evolved a type of net across them, 
known as gill rakers, which prevent small prey 
from escaping from the gill slits. As food can be 
scarce, all prey is invaluable and therefore cannot 
be allowed to escape. 

Sharks are portrayed all too often as public 
enemy number one, but it’s important to realise 
that they don’t see us as food. Read on to learn 
more about these amazing aquatic predators and 
find out how you can help save them from 
(>:qubelealeyebeene)vemelacrelsn 
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Some sharks can replace 


teeth in this time 


Born survivors 


Baby sharks are born with both a full set of 
teeth and all the instinctive knowledge that 
they need to survive. Straight from birth they 
are ready to take care of themselves. There’s 
no parent-child bonding in this family; a 
newborn shark pup’s fight-or-flight response 
kicks in immediately after birth, and they 
quickly swim away from their mother, who they 
perceive as a threat (she may well eat them!) 

It’s this instinct that guides them through 
life. Unlike many mammals, shark parents don’t 
teach their young to hunt; they automatically 
know how to. But even innate abilities can be 
overruled. For example, the great white 
instinctively rolls its eyes back into its head to 
protect them when it attacks prey. However, 
these sharks have been witnessed taking chum 
meat without rolling their eyes back - 
indicating that they have learned that the chum 
is not a threat. 


When a shark emerges from its egg, the baby is on 
its own and instinctively knows how to survive 













Age in 
years of the 
oldest shark 
fossil ever 
discovered 
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Check out the specs on th 


The shark’s body type is slender and streamlined, 
designed to cut through the water to keep 
maximum water flowing over its gill slits (this is 
why they can’t swim backwards) and to allow for 
quick hunting attacks. They all have strong 
swimming muscles attached to a web of 
iv ojeleyauaucmmolvtesle)(ex-velobilcy-ele)(exeoitstcvebiog 
lista (yolmanteyr(cyealeelm 

Sharks also possess a unique arsenal of senses, 
with chemoreception (detecting chemical signals 


work in unison with their other 
For example, shark eyes contain 


“Great white sharks have 
strong swimming muscles for 
efficient movement” 


Cartilage 

A skeleton made of this 
flexible, lightweight and 
tough material makes for 
efficient swimming. 


Taet(e fe) 
the beast 


Specialised and 
adapted, these animals 
are built to predate 


The shark’s eyes are 
ela elarciiare] hae (exeye ir] ale er-]p Mci-1-) 
well in dark, murky water 


_SHARK ANATOM 


in the water) and electroreception (detecting 
electrical pulses) both essential when hunti 
Great whites have small receptors for bo’ 
these senses across their head region, 


mirrored crystals beneath the reti 
tapetum lucidum - this helps them to see in dark 
water. This, combined with their ‘super senses’, 

, allows them to track down food in any situation. 
















Muscular frame 
There are two muscle 
types: red and white. Red 
is used for slow swimming 
over long periods. White is 
for bursts of speed. 


Endothermic 
Great whites are able 
to retain heat that is 
generated by 






swimming. They are 
not completely 
cold-blooded, as is 
often presumed. 
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Liver 

A large, fatty liver aids 
buoyancy, and liver oil 
can provide fuel for 
long ocean swims. 


All over the shark’s rostrum 
(nose) are sensitive pores that 
help the great white to hunt 


DID YOU KNOW? Shork teeth are pressure-sensitive: they use their mouths in order to ‘feel’ things 


Ampullae of Lorenzini 
Tiny pores in the rostrum connect 


Eyes ; ; — to nerves to detect electromagnetic 
With eyes at either side pulses in the water. 


f its head, a shark h i 
tear Se ptenie anor . : ae Shark menu 


Some species of as ’ Great whites are known hunters, 


Rn netaae —_ — ; iif | but what is the catch of the day? 


the gills for more 
oxygen. My h4 
aaerenis HMM MY VAY The fatty blubber 
: iil jy il = i} // | / i of these pinnipeds 
aE makes for a 
delicious and 
nutritious meal for 
mature great 
whites. They often 
attack from below 
to catch the 
seal unawares. 


Cetaceans 

If they are hungry 
enough, great white 
sharks will turn their 
razor-sharp teeth to 
many other marine 
mammals, hunting 
down dolphins and 
even small whales. 


Fish 
Some adult great 
white sharks may 
stick to eating a 
more juvenile type 
of diet, choosing to 
only feed on smaller 
fish and squid 
rather than hunting 
down large marine 
mammals. 


Heart 

Great whites have a 
huge volume of blood. 
This is pumped around 
the body by their 
two-chambered heart. 


Leftovers 
Despite being 
skilled hunters, 
great whites will 
take a free meal. 
Individuals have 
been witnessed 
tucking into ocean 
carrion such as 
whale carcasses. 


Floating jaw 

Flexible connecting Sharkedon't 
joints allow the hunt people 
jaws to swing - we're not as 
forward away from AMONS as 
the head for a 


SS other pre’ 
clean bite. es 
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white teeth 


The teeth of a great white 
alela alam e)qey-lel \anarelarelelt-le 
shaped, with serrated edges 










roensnpt SH RISK AREA 


that come into play as the OFEBIED / MDa YOKUDADA Evinga? 
shark shakes its prey from SWIM ATO ; 
side to side in order to take a SWEN OP tre nna H RISK 


bite. When tapered to an Teeth 
extreme point, these 
needle-like teeth are useful 
for impaling slippery prey like 
fish and blubbery seals. 
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Arranged in rows, the shark’s 


Shark teeth routinely fall out and pointed and serrated teeth 


are replaced from rows growing are continually replaced. 
behind the ‘working’ teeth 
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AMAZING SHARKS 


—™ 
££. P : 
ae bs <a s a2 Megamouth shark 

: This strange looking shark is a filter 
feeder. It has a blunt head with a very 
wide mouth for drawing in plankton- 
laden water. Apart from rising to the 









surface to feed, it is found in the deep 
waters of the Pacific, and is member 
of the mackerel shark group. 


Far from being just a tropical 
fish, sharks have conquered a 
10h Oe tiieleeebecs\Ae)metcleyieclts 


There are sharks in all oceans of the world. These Sha rks on 
predators are very adaptable - species such as the the m a p 


blue shark have made their home in deeper 
waters both cool and warm. At one end of the There are over 400 known 
; shark species in the world. 
temperature chart, the tropical seas are home to Here are just a few of them 
species such as black-tipped reef sharks. Sharks 
inhabit both the shallows (such as the mighty 
hammerhead) and the deep ocean, which is the 
home of the curious cookie-cutter shark. There 
are even species like the bull shark that are 
known to swim in brackish, estuarine water. 

Sy otebacesho) peet-DenrauccVqrsveleasjolcrel (cists DacrsI (S10) 
present throughout the water column, with some 
crossing open oceans, while others, such as the 
wobbegong, prefer to lurk on the seafloor and 
hunt for food. There are even migratory species -— 
the hardy critters that cross entire ocean basins 
suchas Nicole, the great white shark that was 
tracked swimming an incredible 11,100 
kilometres in 99 days, from South Africa all the 
way to Australia! Whale shark 

These filter-feeding leviathans are the largest 


“Thresher sharks execute a] fish in the sea. They swim the tropical waters 


of the equator, either cruising the open ocean 


‘handbrake turn LU to Halla or enjoying the rich feeding grounds of the 


shallows. They are also known to migrate to 


th eir alll whip ss Australian waters every spring. 





a 
Sha rk signals Here’s how body language plays a key role in the lives of great whites 


Parallel 
swimming 
Swimming side 
by side can bea 


way of sizing up 
5, the competition 
and figuring out 
rank between 
sharks. The less 
dominant will 
swim away. 
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Swim-by 
Sharks swim 
directly towards 


7 one another and 


pass close by. 
This behaviour 
may be used 

to identify the 
other shark and 
also to establish 
their rank. 


Hunch 
displays 
When the shark 
hunches its 
dorsal fin, this is 
often seen asa 
confrontational 
sign to either 
attack or flee 
from amore 
dominant shark. 


Tey, 


Greenland Shark 


Swimming the cool, deep waters of 





the Arctic Ocean, a member of this 
extraordinary species is estimated to 
be the world’s oldest living 
vertebrate, at almost 400 years old! 


This large shark is 
so is believed to feed on narwhal and 


quite sluggish and 


beluga whale carcasses, as well as 


hunting other fish. 


Atlantic sawtail catshark 

This small shark measures around 45 
centimetres long, and can be found lurking 
on the seabed of the Mediterranean and 
Northeast Atlantic coasts. Catsharks 
typically have an elongated, tapering body, 
and feed on fishes, squid, crustaceans and 
marine worms. 


Thresher shark 


DID YOU KNOW? The pole catshark is one of the world's smallest sharks, at just 21cm long 


This flattened, 
b=) aven"aa (Xe) <1 ale] 
Australian shark has 
Fy ofexel F<] | hare\ef-] ola =te| 
jaws for feeding on 
the seafloor 


Speartooth shark 
So called due to the sharp, 


spiky teeth that run along 
their lower jaw, the 
speartooth is one of the few 
sharks that live in brackish 
water. They cruise murky 
mangrove swamps and use 
the cover of the silty water to 
hunt for fish. 












Easily recognisable by their huge, tapered 
tail fin, the thresher shark has weak jaws 
and small teeth, so they use their impressive 
appendage instead to whip and stun their 
prey. They swim towards their victims 
(usually schools of fish) at speed and use 
pectoral fins to execute a ‘handbrake turn’ 


1510) | late] s¢oMor-] alre\el-] om uatcl ig 
ability to process salinity, 


before unleashing the whip. 


Splashing 
This may be a 
stand-off to 
claim ownership 


of a kill. The 
executor of the 
biggest tail 
splash will win 
the right to claim 
the prey from 
their opponent. 





Circling 

Like the swim-by 
or parallel swim, 
the purpose of 
this behaviour 
could be to 
establish rank, or 
for the sharks to 
identify one 
another as friend 
or foe. 


allowing them to live in more 
freshwater habitats 





07 2) 


©Thinkstock; WIKI; Alamy 






ad LIFE BENEATH THE WAVES 


— WHY ARE SHARKS 
~IN. DAN PER? us 
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Unfortunately, as is very often the case with Sharks are also very susceptible to getting 
endangered species, human activityis the biggest caughtin the nets intended for other fish species, 
threat to many ofthe sharkspeciesinouroceans knownas bycatch. Due to many sharks’ need to 
- it’s thought that overfishing puts one-third ofall haveaconstant flow of water over their gills, 
oceanic shark species at risk of extinction. The becoming ensnared in anet and unable to move 
main issues arise from both direct and indirect means certain death by drowning for these 
fisheries of these ocean creatures. creatures. Ifthis shark is young and has not 

In 2014 it was estimated that a staggering 100 reached sexual maturity, not only has the ocean 
million sharks are removed from the ocean each lost one shark, but also the potential for many 
year, mainly asa result of the demand for more sharks is wiped out with it. As sharks are 
shark-fin soup. In many Asian countries this is fished more and more, smaller specimens are 
considered a delicacy and can reach staggering being removed from the water and the species’ 
prices of over $1,100 (£875) per kilogram offin.Asa chances ofsurvival dwindle with the haul-out of 
result of this high demand for a luxury dish, every net. 
illegal, unreported and unsustainable pirate Many fisheries don’t report their bycatch of 
fishing isa common occurrence and incredibly sharks, and this lack of data adds to the plight of 
damaging to fragile shark populations. shark species as researchers are not able to 

Practices such as finning are exceptionally joyaoyocya bya eeloyevixeymololwounel=pitsiel-arecleuhislara-balonaels) 
cruel, as fishermen illegally catch the sharks, shark population. Pirate fishing causes the same 
de-fin them and toss them back into the ocean. problem. When sharks are illegaly removed from 
The fin trade, where just two to five percentofthe their ecosystem it’s impossible to gauge their 
shark is used, affects a huge range of shark conservation status accurately, often before it is 
species andis one of the biggest threatstheyface. _ too late. 


Most endangered 


These sharks are some of the most threatened shark types in the ocean 


AS) af-lacom olcXorolpatcWe-lave] (emia miicialiate! 
nets or drifting ocean debris; 
which immobilises them and 
causes them to drown 







Researchers tag and monitor shark 
species to learn more about their biology 
FTateM ante) -lant-lalacm com-](eMetelatt-lac-la(e)a) 


ede) g of =r-(2] (2) Basking shark Oceanic hYor-1 | [ey eyele| Great 
This coastal-dwelling Previously hunted for DW alineia|e) hammerhead atelantantciaareyele| 
shark is found across si al-)|qor-] au] F-le [owe] ave] With their distinctive This species’ fins are These sharks are 


the world, and is 
highly fished for its 
Ta atcyeiar-lave mal atcmm li(eter=)| 
fishing, as well as 
bilalaliavemr-laleM o\"er-1ne a 
are the main threats. 
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iTiV=} are) | Pate late matey var-] [sxe] 
targeted for their 
giant fins, the 

i loynvere ney nvilarem-lare| 
iTalinexe[e(c)alm@ o)e-tere [ale] 
nature of these 
sharks makes them 
very vulnerable and 
numbers have 


declined dramatically. 


WV alincta dl 0) of-te Meo) gst-]| 

fin, these sharks are 

fished for their fins 

and are very 

Tu lsyore) o)i] 0) (-Mvon of-l1 ale] 

taken as bycatch. This 

species was reported 

to have significantly 

declined in at least he 
one region. ys 





highly valued in 
Asian markets and 
they are targeted 
heavily throughout 
their range of 
temperate and 

sige) e)(or=] Bs\-t-1o 
Fisheries are taking 
Vole aye mr-l ave [ONY(=1 all (=) 
sharks, decimating 
fore) ol) -lu(evamallenlel-\acn 


heavily fished as they 
lare\em-Malle|amalelanlel-ia 
of fins on their body, 
Teat-ldiavemuatclanmalie|alha 
attractive to the 
Sarelasciilalaliare] 
industry. They live in 
shallow coastal 
waters, making them 
vulnerable to 
becoming bycatch. 
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Sunlight 
It all starts with the Sun. 
Light helps phytoplankton to 


photosynthesise and grow. Zooplankton 


These are tiny animal plankton that feed 
on the photosynthesising 
phytoplankton. Some species eat the 
larval stages of many oceanic creatures. 


The sharks 
place in the 
food chain 


As apex predators, sharks 
are an essential link in the 
ocean ecosystem 


Small fish 

Smaller animals, as well 
as filter-feeding larger 
animals, gorge on the 
plankton in the water. 
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Medium fish 
Fish prey upon the 
smaller animals, 
providing more 
nutrients to flow 


Large fish 
g through the food web. 


Larger fish feed on the medium 
and smaller-sized animals. 
These fish can be quite large 
predators in their own right. 


Phytoplankton 

Tiny single-celled organisms in 
the water photosynthesise and 
flourish into large blooms. 


©Alamy; Thinkstock; WIKI; Illustration by Art Agency 


Sharks 

Most sharks are at the very 
top, feeding on medium 
and larger fish that are 
supported by the plankton. 


Predator loss 

Without the sharks, the species that 
are normally eaten by them are 
unchecked, meaning they eat more 
of the smaller fish and can cause a 
huge shift in ecosystem dynamics. 


“100 million sharks 
gre removed from the 
ocean each year” 






What you can do 


There are various things you can do to help save 
shark species across the world. To learn more 


up and show their support the better the situation 
will be for sharks. 


about the challenge facing sharks, you can watch 
documentaries such as Sharkwater, which shows 
the real extent of the issues. 

Another key action is to help to raise awareness 


- you can do anything from fundraising to public 
speaking to get as many people as possible 
interested. If you live in a country where shark-fin 
soup is a delicacy, stop eating it and avoid 
restaurants that serve it. You can even write to the 
authorities to demand the sale or importation of 
shark fins is stopped. The more people that speak 


You can also help sharks by taking a trip to see 
them - responsible tourism really helps because 
the more people that go to see sharks and realise 
that they need our help, the better the chance that 
the sharks have to survive. 

It’s also important to support shark 
conservation charities through fundraising, or even 
by adopting sharks and contributing towards the 
essential research and conservation projects that 
these organisations undertake. Check out WWF, 
The Shark Trust and Bite Back for more details. 
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Life cycle of a seahorse 


Learn about the only species where the male bears the young 


“3 - 6. Developing juvenile 
dD ; | , After birth the young seahorse will 
; + 


7. Mature adult 

Once fully matured at around six 
months old, male and female 
seahorses can continue the life 
cycle during the breeding season. 
They can also live between one 
and five years in the wild. 


a 


1. Courtship ritual 
Male seahorses will compete 
to win over the female’s 
affection by engaging ina 
courting ritual that can last 
several days. It involves the 
male and female entwining 
tails, dancing and even 
changing colour. 


2. Depositing the eggs 


Once the female has chosen a mate, she will 
deposit her eggs into his brood pouch where 
they will be fertilised by his sperm and then 
embedded into the spongy pouch wall. 


The world’s most 
venomous fish 


PAN baatersimbentstsile)icrsbesleeleauatcnee) esl B asc icp 
the Stonefish is a real-life killer 


he Stonefish is the world’s most 
venomous fish thanks to its ability 
{opp ba) (exe1mol=r-(ol hyp ol-0 do) Koy-ebalspadey snl 


the spines on its dorsal fin into its target. 
The Stonefish’s neurotoxins work by 
attacking the nerve cells of whatever it is 
injected into, causing severe pain, 
sickness, nausea, paralysis and, 


(olsjorcyalebbet-mopemel-yolaemeyacjebetcmolsyelcime-tu loyal 
into skin, death within three hours. 

LOyeVb UCB aalossimoia ol=yq ole troyelolbispatsjon yale) 
dwell in the dark depths of the ocean - 
leaving little chance of human contact - 
Stonefish dwell in shallow waters and are 
likely to be found anywhere between just 
beneath the surface down to a depth of 
three metres. 


“The Stonefish's neurotoxins work by 


attacking nerve cells” 


oy (5) 
















continue to grow in size. They use 
their dorsal fin to swim and will 
feed on small crustaceans. 


5. Floating fry 
Most seahorse species 
produce around 100 to 
200 young, and they 
can be as small as 2mm 
(0.08in) long. Once 
released they will float 
in surrounding water, 
often grasping to each 

other with their tails or 
, onto objects nearby. 


4. Birthing process 
Once the young, known as 
fry, are ready to be released 
from the pouch, the male 
seahorse will contract 
surrounding muscles in 
order to expel the newborns. 


3. Male pregnancy 

The male seahorse provides all of the oxygen and 
nutrients the embryos need in order to develop into 
fully formed young. Pregnancy can last between 
two and six weeks, depending on the surrounding 
water temperature and species of seahorse. 


Ifit doesn’t want to be stepped on, 
why evolve to look like a stone! 





DID YOU KNOW? Clown anemonefish are so-named for the sea anemones in which they make their homes 








Life cycle of 
a Clownfish 


From courting and conception, 
to birth and beyond 


“Clownfish are protandrous 
hermaphroadites, they are 
glways born male but can 
change sex later” 


Group hierarchy 
The clown anemonefish 
(Amphiprion ocellaris) 
lives in a social group, 
or school, with a strong 
hierarchy. The largest 
and most dominant fish 
is always female, and 
she will mate with the 
most dominant male. 
They will be the only 
two to reproduce within 
the group. 


Breeding time 
Breeding can occur all 
year round, but is typically 
concentrated around the 
full moon. This is thought 
to be because of increased 
visibility, stronger water 
currents for distributing 
the larvae and greater 
food supplies due to other 
fish spawning at 

the same time. 





















There are 
around 30 
known species 
of clownfish 


Courting 
To attract the female, the male will exhibit 
courting behaviour, most typically viaextended . 
fins, biting and chasing. He will also build the ts 
nest on a bare rock close enough to 
their native anemone to provide 


protection from predators. 


The father’s role 
The male will then pass 
over the eggs to fertilise 
them, and each fertilised 
egg will remain attached 
to the rock by fine 
adhesive threads. It is 
then the male’s job to 
look after the eggs, 
fanning them with his 
fins to remove debris 
and prevent algae and 
fungi growth. 


‘ 
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Laying eggs 
Once the nest is built, 
the male will then chase 
the female towards it. 
Over several hours she 
will make a few passes 
over it, releasing 
100-1,000 eggs, 
depending on her age. 
The eggs are orange 
and about 3-4mm 
(0.11-0.16in) in size. 





Changing sex 
Clownfish are protandrous hermaphrodites, which 
means they are always born male, but can change sex 
later. If the dominant female in the group were to be 
removed or die, the most dominant male would then 
become female in order to carry on the life cycle. 


Hatching 

The eggs typically hatch after six to eight days, 
but the incubation period is longer in cooler water. 
It takes a further eight to 12 days for the larval 
stage to end, at which point the juvenile fish will 
then go in search of an anemone to inhabit. 
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Amazing 
facts 


Discover what makes tl h 


echinoderms so well: adapt 
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2. What if they lose a limb? 


Hunting prey can be hard when you've 

lost limbs at the jaws of another predator. 
However, thanks to their ability to regenerate 
cells, starfish are able to grow back missing 
limbs. The process can take anywhere 
between a few months or years depending on 
the species. It’s also been reported that some 
species are able to regenerate entirely from 
only halfa body! 


3. Are they common? 
Starfish can be found 
in saltwater seas 
across the globe, with 
large populations 

in the Indo-Pacific 
Ocean region. They 
are, however, unable 
to survive in fresh 
water due to their 
dependence on 
saltwater calcium, 
which they use to 
create their super 
tough bodies. 


© Thihkstack 
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4.How do they sense 


their prey? 


) Havingakeen sense 
4 ofsmellisvital fora 
| starfishin the pursuit of 


their next meal. Coating 
the surface of their skin, 
starfish are equipped 
with chemoreceptors, 
whichare highly 
sensitive in picking up 
the scent of nearby prey. 


5. How many species are there? 
Starfish, or ‘sea stars’, area common name for over 2,000 

species of these marine invertebrates, all of which belong 
to the taxonomic class Asteroidea. 





‘41 How do Fe eat? Gg 
What makes starfish such << ~ 
effective hunters is their ability ~ 


to encapsulate their prey with 
their own stomach. Ejected from 
their mouth, starfish cast outa 
net of their stomach to externally 
digest the soft parts of clams, fish 
and oysters. Releasing digestive 
enzymes, starfish break down 
their prey into a seafood stew 
idatclmmolsyadelsebecmbelxecim.) oats 
with their own stomach. 


6. How do they hunt? 
Starfish are solitary 
marine creatures, slowly 
scouring the seafloor looking 
for their next meal. As 
keen hunters, starfish 
won't pass up a chance 
to grab one of the many 
shellfish, fish and 
invertebrates they encounter. 
However, they are also 
opportunists and can 
never say no to a free meal. 
Collecting en masse upon 
detecting a whiff of a dead 
carcass (such as a seal that 
has fallen to the seafloor), 
hundreds of starfish will 
converge to eat the remains. 
7. Can they catch 
fast prey? 

Starfish often enjoy feasting 
on the flesh of slow-moving 
prey or scavenging on 
remains. However, in 2017, 
while exploring a ridge off 
Jarvis Island in the South 
Pacific Ocean, a group 
of scientists witnessed a 
brittlestar (a small-bodied, 
long, thin-limbed starfish) 
reach up and snatch 
small passing squid. Once 
entangled in its long legs, the 
squid was quickly moved to 
the mouth to be consumed. 


DID YOU KNOW? Not all starfish are shaped like stars! The cushion starfish, for example, has a round blob-like shape 















































8. How low can they go? 
Versatile in their choice of habitat, starfish 
can be found throughout the depths of 
the ocean, from the shallows around the 
shoreline down to more than 1,000 metres 
(around 3,280 feet) below the surface. 


9. Can they see? 

Placed at the end of starfish limbs are 
‘eyespots’ - photoreceptor cells that allow 
them to detect light, shadows and large 
structures such as prey. If unobstructed, a 
starfish is able to ‘see’ 360 degrees. 


10. How fast are they? 
Although typically slow and steady in their 
pace on the seafloor at about 15 centimetres 
a minute, the sunflower starfish uses its 
15,000 tubular feet to walk a metre in around 
one minute. 


11. How are they able 
to eat shellfish? 


Starfish limbs are strong enough to prise 
open the shells of prey animals such as 
mussels and clams. 


14. How do they hold onto prey? 

In order to grapple its prey into submission, a 

starfish uses its many limbs lined with hundreds of 
tubular sticky feet. These feet not only actasa conveyor 
belt to transport invertebrates to the mouth, but also 
allow them to manoeuvre over difficult terrain. 




























12. Do they have 
"> any defences? 

» To protect themselves from 
predators, the upper side 
of most starfish bodies | 
* are covered in calcium- 7 
| carbonate plates. This 
| tough exterior helps protect | 
| against other marine life re 
suchas crabs, fish and 
sea otters. To offer further 
protectiona great deal 
ofthem sport thorn-like 
spines, which serve to deter 
predators from attacking. 
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13. How big are they? 
Ss Manystarfisharesmall 

| enough to fitinto the palm 
| ofyour hand. However, 
some species have grown 
to be giants of the sea. The 
sunflower starfish, for 
example, can grow to have 
a diameter of1 metre (3.3 
feet) wide, and the giant 
sea star can span up to 60 
centimetres (23.6 inches). 















15. Why all the colours? 


To evade detection from passing predators, many 
species of starfish have evolved to display different 
colours, patterns and exterior lumps to mimic and 
blend into their rocky surroundings. 


16. Do any starfish have 
more than five legs? 


While the majority of starfish have five limbs, 
several species have upwards of 20 to 40 limbs. 


17. Do they have brains? 
No, starfish are devoid of any 
_ bloodora brain. They rely on 
| their sense ofsight and smell 
_ tonavigate. 


18. Do they have other 
_) vital organs? 

} Throughout each ofthe 
limbs ofa starfish are their 
vital organs. Despite this, 
shoulda limb be taken by 
a predator, starfish can 

= continue to survive. 
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) 19. Do they ever eat 
other starfish? 
Some starfish aren't picky 


20. Why are they so dangerous 
to coral? 

Asingle crown-of-thorns 
starfish can eat six square 
metres (64.6 square feet) of coral 
ayear. They are a major factor 
behind the destruction of the 
Great Barrier Reef. 


when it comes to foodand 
will eat others of their 


| species. The morning sun 

§ starfish hasa taste for 
fellow starfish and actively 
predates them. 
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Octopuses certainly don’t look like earthlings, but could these 
brainy, blue-blooded creatures really be from another planet? 


Words by Ella Carter 


— here’s no denying that the octopus looks 
like something straight out of science 

m@ fiction. Its eight-limbed, sucker-covered, 
slimy, colour-and-texture-changing body is as 
unfamiliar to us as can be. Add in the fact that 
they are capable of accomplishing surprisingly 
intelligent tasks and we are immediately 
suspicious. Many of the octopus’ creepier 
features have been borrowed over the years by 
writers and directors to illustrate life from other 
planets, and there are even theories that our 
own earthly cephalopods came from outer 
space. However, octopuses are simply an 
incredible feat of earthling evolution. 

The recent theory proposed by 33 authors ina 
paper published in the journal Progress in 
Biophysics and Molecular Biology suggests the 
Cambrian Explosion (a period in the fossil record 
where biodiversity boomed around 540 million 
years ago) was brought about by viruses 
crashing to Earth aboard extraterrestrial 
meteors, altering the genetic codes of species 
here. The authors highlighted the octopus asa 
specific example, which led toa flurry of oe 
outlandish headlines in the press. 

This idea is furthering a controversial theory 
from the 1970s known as the panspermia 
hypothesis, which challenges the origins of life 
and suggests that instead of evolving on Earth, 


much of life was ‘seeded’ and brought to our 
planet on asteroids. Although an imaginative 
idea, this theory has been examined by many 
leading evolutionary biologists, and despite the 
octopus looking pretty alien, the evidence is 
overwhelming in favour of earthly evolution. 
Our last common ancestor with the octopus 
lived around 750 million years ago and was most 
likely an aquatic worm-like critter. 
Cephalopods are molluscs, part of the same 
family as slugs and snails, yet given their 
higher intellect compared to their molluscan 
cousins it’s fair to wonder how they became 
so advanced. However, the octopus genome 
was mapped in 2015 and showed that these 
eight-legged critters share DNA not only 
with their closest relatives but also with 
many other species, including humans. 
Despite their blue blood (caused by 
the presence of haemocyanin), three 
hearts (one for each gill, one to pump 
blood around the organs), amazingly 


advanced eyesight, 

keen minds and otherworldly 

body shape, octopuses are very much of this 
Earth, even if they are wonderfully weird 
inhabitants of it. 





DID YOU KNOW? Octopuses are venomous! Some are deadly, and all have venom containing similar proteins to snake venom 


Octopus 


vs squid 


These cephalopod cousins have very 
similar bodies types but are also 
wildly different. Here’s how they 

match up head-to-head... 


Octopus Squid 
LIMBS 


Eight long, Squid have eight 
flexible, sucker-covered 
sucker-covered arms, plus two 
arms surround extra-long feeding 
the mouth. tentacles that they 
use to catch prey. 






Yes Yes 


INTERNAL PEN 


The octopus As an evolutionary 
doesn’t have any remnant of a shell, 
hard parts apart the squid has a 

from its beak. feather-shaped ‘pen’ 
in its mantle. 


Sometimes 


EYES 
Exceptional Large, circular 










axy S yf are ‘ Si = eyesight, with pupils help the 
Soy, ae " ; rectangular pupils squid to see all 

“ 7 : that help with depth around its 
Despite the octopus perception for body with no 


spotting both blind spots. 


~&-- looking pretty BD predatorsand prey 
~ glien, the evidence ~ 
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P hn . . a 
an . & Used to force All cephalopods 
ra 1S) overwhelming 3 water out of the have a siphon, which 
es se Se mantle at speed, is perfect for 
‘ favour of earthly ¥ a ; allowing for a fast escaping predators 







olution” = 






getaway. or chasing prey. 












CAMOUFLAGE 






Yes 


Cephalopod ink is All cephalopods 
blackened by produce ink to 
melanin. It’s deter predators 

produced in the ink and make a 

gland within the quick getaway. 
ink sac. 
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with mouths surrounded by 
both arms and tentacles 
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Octo physiology 


Super senses, big brains, colour-changing bodies... Octopuses 
are some of the most fascinating underwater beings 


Octopuses are cephalopods, which means ‘head- 
foot’. Their eight arms (technically not tentacles) 
surround the mouth and are full of strong 
muscles. They also contain two-thirds of the 
octopus’ neurons, which means they can quite 
literally think for themselves. 

Each arm is equipped with over 250 suction 
cups, each able to be manipulated 
independently. They are also asensory organ 
capable of smell and taste, ideal for seeking out 
food. But eight arms area lot to keep track of, so 
what stops octopuses getting tied in knots? 

Amazingly, its skin has a coating that prevents 
the suckers from sticking to itself. Arms can also 
be dismembered at willas a last-ditch attempt to 
escape a predator. They can then regrow the lost 
limb, a process that takes roughly two months. 


Development 

Females will often care for the eggs throughout 
their development, warding off hungry 
predators and ensuring eggs are oxygenated. 


Hatching 
The mother octopus 
gives the hatched : 
babies a helping ©) 
hand by wafting 

them out of the den. 
They are perfect 
miniatures of her. 
















Feeding 

The next crucial 
months are spent 
voraciously feeding, 
changing their prey 
as the young 
octopuses get 
bigger and stronger. 
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g’ is an apt octopus motto 


Octopus 
anatomy 


Inside one of the strangest body types in the 
animal world is a very simple anatomical 
structure that performs complex tasks 


These armsare also essential for swimming, 
but crawling over the seafloor is preferred. This 
is because when it swims, the octopus’ third 
heart, which pumps blood to its organs, stops 
beating, so swimming is an exhausting activity. 

The octopus’ eyes are another incredible 
feature. Some of the most advanced in the 
animal kingdom, they are as complexas the 
vertebrate eye even though they evolved 
independently. Yet despite being colourful 
creatures, their eyes only havea single 
photoreceptor cell, which renders them 
technically colour-blind. However, they 
can pick out wavelengths of light by 
altering the shape of their lenses as the 
light enters their rectangular pupils. This 
allows them to focus on individual colours. 4 





































Suckers 

Each sucker is 
attached to the arm 
by a strong, muscular 
base, which can 
manipulate the sucker 
in any direction. 


Egg laying 

Female octopuses stitch 
their eggs together into 
braids and secure them in 
sheltered surroundings. 






rt lifespans, ‘live fast, die 


Mating 
Although solitary creatures, 
octopuses come together to mate. 
Unfortunately, this signifies the 

| beginning of the end of their lives. 
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Growth 

The common octopus lives 
- around three years. They reach f 
maturity at around 18 months. 





DID YOU KNOW? Blue Planet II footage showed aon octopus working with a grouper fish to hunt for prey 


ae like a parrot’s atfough thisisa concentrated : “Octopus CImS con be 
eee isd elederiaary dismembered at will and regrow 
contained elsewhere. ‘im just ave) months ” 















Neurons 

Many neurons are contained 
in the arms, allowing for 
particularly efficient hunting. 


xt 





Mantle 

Composed of incredibly 
strong musculature, the 
mantle keeps all of the 
octopus’ internal organs 
safe within its soft body. 












Hearts 
Octopuses have 
three hearts; two 
pump blood through 
the gills and the third 
pumps blood 
through the body. 









Gills 


¢ t, »» Jet propulsion at its finest, Water is pushed over Sitting within the body 





- octopuses draw water into the gills, where oxygen cavity, ink produced in 
their mantle then express it is extracted and the sac is then expelled 
quickly for a speedy getaway. absorbed into the blood. via the siphon. 
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Subsea smarts 


From escaping captivity to targeting people with 
jets of water, octopuses are nothing if not crafty 


It’s no secret that cephalopods are clever. With 
large brains (especially for creatures without 
backbones), octopuses are able to solve 
problems, learn from their encounters and even 
experience sleep and play. These have all been 
tested in laboratories across the globe, with 
octopuses obliging by navigating mazes, solving 
puzzles to gain access to food and using their 
elaborate arms to mischievously play with items 
in their tanks. One octopus even flooded the 
Santa Monica Pier Aquarium by tampering with 
avalve in her tank. There are also anecdotes of 
octopuses sneaking out of their tanks at night to 
feed on other aquarium residents. 


This is all possible due in part to theire 


of their neurons, allowing them to work 


indicator of intelligence. 
time with octopuses will attest to their va 
in aquariums will squirt water at specific 


their powers of recognition. 


io 
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Masters of 
masquerade 
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texture at will. Colour changes are 
controlled by tiny cells in the 
octopus’ skin called 
chromatophores, which are 
manipulated by muscles that 
cause the cells to expand or 
contract. These cells are 
connected to the nervous system, 
allowing these critters to easily 
match their surroundings. 

Texture changes are controlled 
by organs known as papillae. They 
allow raised bumps to appear on 
the skin, blurring the octopus’ 
outline into the background for an 
extra layer of protection. 
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Extraordinary members of the octopus 
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Giant Pacific octopus 
Found in temperate Pacific waters, these octopuses are 
the largest species out there; their arms can span up to 
around five metres. 


Blue ringed octopus 

At the size of a golf ball, this octopus may look adorable, but 
it contains enough venom - 1,000 times more powerful than 
cyanide - to kill 26 humans! 


084. 


dexterous appendages that contain the majority 
independently without input from the brain. 
With 500 million neurons present, this places 
octopuses close to the realm of dogs, although 
the amount of neurons isn’t necessarily an 

Like dogs, however, those who have spent 


different personalities and how some octopuses 


employees when they approach, testament to 


4 
. fe 
anks to highly specialised skin 
cells and excellent eyesight, the: 
a, 5 can seamlessly blend 
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at impersonating other sea creatures, 
such as lionfish, flounders or sea snakes 


& : 
| Voracious hunters 

Like the rest of the soft-bodied cephalopods, 

octopuses are both predator and prey. They 

have to be able to hunt quickly and efficiently, 

as if they hang around there is the possibility 

of becoming dinner for someone else. 

Octopuses hunt with a variety of tactics. 
Their favourite foods are crabs and other 
crustaceans, but they also eat fish and other 
cephalopods. Ambush predation is a key 
component of the hunt; the octopus assumes 
the colour and texture of its surroundings 
before seizing its unsuspecting prey. 

Once it has stuck, the strong, muscular arms 
will bring the prey to the octopus’ mouth, 
where a dose of neurotoxin-laden saliva is 
administered to paralyse it. This is how the 
octopus can subdue crabs, as their claws can 
be dangerous obstacles to overcome. Enzymes 
in the saliva break down the soft tissue inside 
the crab, which the octopus can then slurp up 
like a milkshake for a tasty meal. 


‘ound — 


family 


Dumbo octopus 
So named for their large ‘fins’, which resemble the Disney 
elephant’s ears, these critters live in the deep ocean at 
around 4,800 metres below the surface. 








DID YOU KNOW? Cepholopods have an extensive fossil record, with evidence suggesting they date back 500 million years! 








Tools for the job 

Smokescreen Another aspect of octopus WO enc is the 
escapes use of tools. Previously only witnessed in 
Like all cephalopods, octopuses have an primates, dolphins and some birds, octopuses 
extra trick up their sleeve with their inking in Indonesian waters have been witnessed 
abilities. Their siphon is used to shoot out carrying two halves of a coconut shell as they 
a jet water for quick escapes, expel waste traverse the seafloor. The octopuses used 
and secrete ink from within the mantle. these halves as a whole protective ‘case’, 
When an octopus is startled or threatened squeezing into the coconut in areas where 
it can contract the siphon to release the dens, nooks and crannies were hard to find in 
ink, which mixes with mucous to form a order to escape predators. Tool use has long 
sticky, confusing smokescreen. been a benchmark of animal intelligence, but 

Ink is black thanks to melanin - the there is some debate among biologists as to 
substance responsible for dark skin and whether this is classed as ‘tool usage’. 
hair in humans. Ink also contains a 
compound called tyrosinase that can F A portable coconut home is a safe’ and 
cause irritation, stinging the predator’s : ; y secure place .in-which-to hide 
eyes and befuddling their senses. All of 
this effectively stalls an attack, 


allowing the octopus to jet to safety. Suckers on yale. 


Thanks to their amazing limbs, swimming 
and moving along the ocean floor aren’t 
the only hunting strategies open to certain 
species of octopus. The rocky shore offers 
a cornucopia of prey, and one species 
located on Australian beaches is exploiting 
its skills in order to clean up. 

Known as the only ‘land’ octopus, the 
Abdopus octopus (Abdopus aculeatus) has 
been witnessed crawling out of its rock 
pool home to comb the beach in search of 
tasty morsels trapped in pools at low tide. 
It can do this using the strong, sucker- 
covered arms that it expertly manipulates 
in order to pull itself across the shore. 
Nipping from pool to pool, this specially 
evolved octopus has the edge thanks to its 
land-roving ability. 


© Getty; Wiki/ Heinonlein; Shutterstock 


“One octopus flooded 
<1 dons away .. the Santa Monica Pier 


Bac ane by . {ees Aquarium by tampering 
with a valve in her tank” 


~~ Octopuses that 


Star-sucker pygmy Blanket octopus 
Reaching just two centimetres in length and weighing just Females of this species sport long blankets of flesh 
one gram, this tiny critter is the smallest octopus species between their arms, which can splay out to deter ning critter is able to leav 
known to science. predators. Males are just a tiny fraction of their size. 2 safety of its tide pool to hunt 
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~ANGLERFISH 


This animal lives up to its name by drawing in prey 
with a lure that hangs from its forehead 


order lophiiform, all of them carnivores. 

The entire group consists of just over 320 
bizarre species, from Needlebeard seadevils to 
footballfishes. Some can grow to one metre 
(three feet) long, while others barely make it 
past two centimetres (0.8 inches), but even the 
smallest are deadly. They gorge on shrimp and 
J oXeyanrmatsi emi slcvem delve cima eccnelet-Delacmmo)vimecvel 
survive on very little food. 

The most famous anglerfish are deep-sea 
dwellers. They have rounded heads, big mouths 
and a lot of sharp teeth. They danglea 
bioluminescent light that glows softly through 


1 8 families of anglerfish exist within the 


COSMOPOLITAN 
WHIPNOSE 
Gigantactis vanhoeffeni 
Lifespan Unknown 
Adult weight Unknown 
Conservation status 
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the darkness. The fish wiggles it around to 
make it look like a luminous invertebrate, and it 
flits from side to side in front of the predator’s 
waiting mouth. Prey wander over to investigate, 
but they find themselves ambushed before they 
know what’s hit them. 

Because it’s so hard to find another member 
of your own species in the black abyss; 
anglerfish are almost always in pairs. Females 
are large, but their partners are incredibly 
small. Males have been shaped by evolution 
and have become permanent parasites on the 
female’s body. An unattached male latches 


Whipnose 
A model of a whipnose, an angler with an 
extremely elongated lure that can grow 
longer than the animal itself 


Little fins 


onto a female with its teeth. Females are far 
bigger than males and are the only ones with 
the tempting esca lure. The male fuses to the 
female over time, and soon connects to the 
female’s skin and bloodstream. All of his 
internal organs disappear except those 
necessary for reproduction. Six or more 

males can attach to a fertile female, and 
having a few live-in lovers helps the anglerfish 
forget about mating and focus on the important 
task of hunting. 


The fins of an anglerfish are fairly 
weak because the predator prefers 
to sit and wait on the sea floor to 
be approached by a potential meal. 








DID YOU KNOW? Anglerfish mouths are so big, they can actually swallow prey up to twice their own size 


Bacterial glow 
Light-producing bacteria lend their 
illumination to anglerfish in exchange 
for free rides and ample food. 


Fishing rod 
Called the esca, 
this organ is made 
of modified spines 
from the dorsal fin 
on the fish’s back. 


Translucent teeth 
The protruding 

teeth don’t catch the light 
and act as cage bars to 
trap unlucky prey inside the 
spacious mouth. 
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BLACKBELLIED ANGLER 


Also knownasa monkfish, this angler will lie 
camouflaged on the sea floor, waiting to gobble 
unsuspecting prey who swim too close. 


= 





© Photo Researchers/FLPA 


GHOSTLY SEADEVIL 


Usually male anglerfish attach to their mate’s 
J oX=)Uhva opotm=doLosciubyasiereColeavai ism otsnr(cmolerevoW cealoy nonce) 
bind on the end of the lady’s lure. 


/ 


© Photo Researchers/FLPA 


COMMON ANGLER 


The common angler has a mouth so wide it 
wraps almost all the way around the anterior 
ofthe head. 
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MEET THE FAMILY 


R AY These sly hunters are perfectly 


adapted to their habitat 
ore Spotted eagle ray 


The ray that can almost take off 
The group of species known as eagle rays have large and 
ys elegant pectoral fins that both look and move like the 
a wings ona bird. Found in shallow coastal seas, these 
fins are mostly used for swimming, but on occasion 
these rays have been witnessed leaping fully out of the 
water in spectacular aerial displays. Due to their sheer 











Electrocytes are the electricity- 
producing cells that give these rays 
their shock — they are stacked up 
end-to-end in the ray’s specialised 
electrogenic organs, much like arow 
of batteries. 


Cownose 
ray 


The migratory species 
that gathers in groups 


Cownose rays are famous for 
their ocean migrations along 

the Atlantic coast and Gulf of 
Mexico, featuring in many glossy 
photographs of schools of up to 


10,000 individuals swimming to Gon mu 
l 





The cownose ray has a domed head and a rounded 
snout with an indentation in the centre. This gives 
the appearance of a bi-lobed nose, much like that of 
their farmyard namesakes’. 





Stingray 
A fish with a black belt in self-defence 


Stingrays have the classic flat-bodied silhouette of 
the ray family, with a skeleton made of cartilage, 
undulating fins anda long, tapering tail. They 
spend their time cruising through the shallow 
waters of coastal seas, feeding on shelled molluscs 
and crustaceans, rooting around on the seabed in 
search of their dinner. However, this species’ trump 
card is its tail barb - the thing that puts the ‘sting’ 
into ‘stingray’. This barb is found about one third 








of the way down a stingray’s tail, and it can bea Py A 
p ; formidable-looking spike containing potent venom. ee 
Stingrays are generally docile creatures and soa ©, Like their cousins the sharks, 
Oey = GS barbattack is almost always in self-defence - when SLINE Spee 2c Wea als 
i i . known as ampullae of Lorenzini. 
[DATA DEFIC the ray needs to fight, the tail can whip up and They can sense the natural electrical 


deliver a fatal blow. pulse of living things around them, 
helping to find prey. 
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It's easy to see why this fish is also 
known as the ‘peacock-eye’ ray - like 
the eyed feather of a peacock, the 
detailed pattern on its back can act as 
a decoy for would-be predators. 


Ocellate 


river ray 


The freshwater 


addition to the family 
Where most of the ray family 
are ocean-dwelling critters, 
there are a few select members 
that make their home in the 
fresh water of river basins. The 
ocellate river ray is one of these, 
living in the riverine systems of 














D YOU KNOW? Fossil records date stingrays back to the Jurassic period, 150 million years ago 


895 © the largest rays of them all 





The majestic wing-like 
fins are characteristic of 

eagle rays as a group, but 

the spotted eagle ray is 
even more distinctive with 

its beautiful colouration 1. Most 

and polka-dot pattern. intelligent 
Manta ray 
WEVolee Bee \ yp eteni() 
the largest brain 
size relative to 
body mass of all 
fish species and 
often exhibit 
co-operative and 
co-ordinated 
feeding behaviour. 
Manta rays are 
much more than 
just pretty faces. 





Atlantic 
torpedo ray 


This species puts on a stunning performance 

This is a ray that really lives up to its superhero-style moniker. Not just 
your average fish, this particular member of the ray family is capable 

of producing strong electric currents in order to stun prey for a quick 
meal, or defend its honour against encroaching predators. Electric rays 
have two kidney-shaped organs in their bodies, situated near the gills, 
which are capable of producing a current of up to 220 volts. They do this 
by contracting the specialised muscles that are tightly packed together 
within these electrogenic organs. Because of this formidable party trick, 
electric rays are able to swiftly stun and then feast upon dinner delights 
that would ordinarily be too fast for them to catch. 


3. Rarest 
Maltese ray 
Listed as Critically 
Endangered by 
the IUCN Red 

List, the Maltese 
ray was once 
common in the 

IW CYobivevaccvotervel 
Sea. It is now 
restricted to the 
Sicilian channel 
around Malta, 
vale CHo)btedelxsrom ois 
heavy trawling. 





















4. Most 
spectacular 
Mobula ray 
WWE cL 
gather in huge 
shoals at certain 
times of the year. 
To stand out from 


2. Smallest 
Lesser electric ray 
This tiny little 
critter can be 
found in shallow 
waters on the east 
coast of USA and 
South America 














The manta is sometimes known 

as ‘devil ray’, due to the two large 
fins on its head that look like horns. 
These are actually used to guide 
plankton-rich water into the mouth 
while feeding. 





A butterfly 
ray is not an 
Insect 


Butterfly rays are not at all related to real 
butterflies! Instead, this group of rays get 
their name from their wide set of pectoral 
fins that look very much like wings, along 
with their short sharp tails that resemble a 
butterfly’s body. The rays use their strong 





Manta ray 


These gentle giants are 


© Thinkstock; Dreamstime 
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DID YOU KNOW? Bottlenose dolphins are usually fairly slow swimmers, but they can reach speeds of over 30 mph 








‘DOLPHINS 


~ SMARTEST TANIVENESEO)N ESN Dane 


Famous for their ability to learn and mimic human 
¥ ~ - behaviour, the real story behind the immense intelligence 





‘ Me. ae — : > , 
7 VKole)lo)avvarspilacwbeadecciear-toireleparopnetcmnvallomelserc\rslelene 
f hales and dolphins have fascinated soon discovered that dolphins were intelligent 
ré . 
: W human beings for millennia, with mammals of the sea and began to study them. 
; dolphins featuring in cave paintings As technology developed that could record 
4 i. “dating back almost 3,oodyears. The first * * their underwater calls, scientists began to 
“e descriptions of dolphins came from sailors, who _ fealise how.complex their behaviour and 
. 2e eee spoke of enormous creatures with large eyes, ’ communication truly was, Bxactly what 
¢ SA. oy Se long beaks and sharp teeth. Artistic depictions dolphins are speaking abouts still unclear, but 
‘ce oias ae lel a a . of them at the time looked more like sea as restarch progresses we are learning more 
, oe" monsters, admiring theirstrengthandcunning and moreabout the most intelligent animals in 
hunting techniques. Over the years, humans the ocean: ~ 
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Social. 
latsimUela care] 
Dolphin groups have a very 
fluid social structure, with smaller 
groups constantly combining and 
splitting up again. This means that they 
can meet hundreds of others on a daily basis. 
This has been likened to social networking, 
with dolphins maintaining lots of weak bonds 
with others they have met briefly in the past. 
The networks that build up help transfer 
information over long distances and work 
just like Facebook. News is transferred 
idovaolorsdobaal=yelolKoympalceleke-velel 
Seatcrcbotcniotcimelo)to)evbetsxercDousirhys 
in touch. 





DID YOU KNOW? The main threat to dolphins comes from being caught accidentally in commercial fishing nets 

































Proving 
self-awareness 


Dr Diana Reiss is a world- 
renowned dolphin expert. She 
led the team that proved 
(elo) {0 ali atsmer-lama=rexele [al Sx-) 
themselves in a mirror 

? } “At my lab in 2001 
Ididastudy with 
EMcatacsuente) (2 
design. You're 
asking ifa dolphin 
ibbeelssececbalels 
that what they 
see in the mirror 
is an external 
representation of themselves. 
We exposed dolphins to a mirror 
and we gave them time to learn 
about how mirrors work. We saw 
three basic stages the animals went 
through to show that they could 
recognise themselves. The first 
stage we call social behaviour. The 
animals try to touch the mirror, 
look around behind it as if there’s 
FWololaalcyarolo)lo)epbomuolcyacmmlssolcyel 
seeing their reflection they reacted 
as if they were seeing another of 
their own kind. Most animals never 
get past this stage. 

“The second stage we saw 
emerging was more than just 
testing the mirror. The animals 
seemed to be testing what was 
happening in the mirror image 
when they did certain things. 

That is when the light bulb went 

on. That’s when they knew that 

— > they were seeing themselves in 
ES ‘ the mirror. 

“In the third stage, the animals 
shifted to self-directed behaviour. 
They examined themselves in the 
mirror, looking at parts of their 
body that were otherwise not 
. visible. They looked at their eyes, 

’ inside their mouths and made 
unusual movements in front of the 
mirror. They were using the mirror 
asa tool to view themselves. 

“We went on to do what’s called 
amark test. We put the mirror into 
the water for 30 minutes every few 
days and watched the behaviour 
of the dolphins. We then called 
them over and marked their bodies 
in different places with a non-toxic 
marker. They immediately raced 
to the mirror to examine the 
marked area.” 


Bottlenose 7 .* 
dolphins have - 
been seen 

to recognise 4 
themselves in 
the mirror! 


oe 





Just like us 


As humans, we tend to underestimate other animals, believing our behaviour is unique 
to us. But dolphins share a few of our traits, showing some extreme intelligence 


Dolphins can eavesdrop : Dolphins can deceive each other 

Dolphins have communication abilities that The ability to follow another animal's gaze shows 
were once thought to be unique to humans. Their immense intelligence and human children begin to 
ability to eavesdrop gives us a clue as to how develop this skill after the first year of life. Dolphins 
clever dolphins are. Not only can they listen in to use this skill to tell what others are looking at without 


other conversations, but they can also divide their needing to communicate about it. Dolphins can draw 
attention between their own vocalisations and another's attention to an object by pointing at it. In 
other sounds at the same time. This maximises the fact, these mammals can even deceive one another by 
information they are taking in. : directing it elsewhere. 
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’ Lt BH =a 
Emotional int 
Feelings of happiness, love and heartb uman 
these animals share our ability to feel emotion i>. : 
These animals form extremely close bonds with | 
their families and experience emotions that a 
humans might calllove.Newborndolphinsrely 
on their mothers and older siblingsforsurvival = 
and calves stay with their family for around six _ 
years. When a relative dies, dolphins experience ~ - 
grief and mother dolphins carry their lost calves 
around with them for extended periods of time. — = x 
Young that have lost their motherareknownto 
visit their mother’s favourite locations after nee a 
death. Whenadolphingroupspiesadolphin 
carcass they approach it and even take itin turns — ie 
to surface for a breath of air so e corpse: isn’t _ 2g 
left unattended. = + Pte 

Dolphins are famous for their tendency to help _ 
animals of other species. There are reports of - 
dolphins helping exhausted seals back to shore’ ~~ 
and even leading beached whales backtothe ~_ B | 
safety of deep water. In 2008, a bottlenose dolphin — 
arrived at the scene ofa stranded mother-calf pair ~ 
of pygmy sperm whales ona beachin New » 
Zealand. The dolphin, known by locals as 
led the pair of whales from the: shallo ws di 
into deeper water. The only expla 
behaviour is that dolphins are capal 
experiencing empathy. — ; 































“Young that have lost their 


ae : 2 
mother are known to visit = 
their mother's favourite Cote ee 

. ” and its overall body size - 
locations ofter her death dephinshavean extremely = 
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DID YOU KNOW? A dolphin pregnancy con last between nine and 16 months. The mother feeds her offspring on milk 


Problem-solving 


Life presents animals with puzzles on a daily basis and only animals with 
the best brains can find their way around the trickiest problems 


O1 Tool use 02 Hunting 03 Avoiding predators 


Dolphins around the coast of Australia have Across the globe, different groups of dolphins Dolphins form a defensive circle around 

started to use tools to protect their sensitive have perfected a variety of strategies to catch weak members of their pod when a predator 
beaks. The fish that burrow under the sand don’t fish. In Brazil, a pod of dolphins has teamed up approaches. Sharks and other carnivorous fish 
have an air-filled swim bladder, making them with the local fishermen. They herd fish toward would gladly attack a lone dolphin, but rarely 
difficult to locate with sonar. To combat this, the the shore and give the fishermen a signal to cast approach large groups. Even the colouration of 
dolphins began foraging while shielding their their nets. The dolphins then get their reward of some dolphins confuses predators, helping them 
faces with sponges. leftover fish. keep camouflaged. 













Herding fish 
Deep-water dolphins herd fish 
into a ball and take turns to 
swim through the middle. They 
® stay in constant contact and 
swim at top speed to keep the 
fish where they want them. 











M. 4 ‘ t A " ie ategee . Dt = 4  ~pea = A : -_ ae ; Soy ‘ioank 
Pe eg Es - = ae = aD) 5 
Confusing the prey ~~ Makeshift nets ante | eed bubbles Es 
Be one dolphin swimsinacircle while ‘ | The rest of the group wait for fish i socciaeenans e dolphins surrounding the 
' beating its tail against the silt. This to leap out of the makeshift net. ; 7 Met great net ot pups: 
creates a ring of mud that confuses om 8 ot Fe PO inesionrotl 
the fish inside. 7 . A ~~, Going on land! 

b Risking their lives to catch fish, 
dolphins chase fish to the banks of 
* rivers and seashores. The animals 
launch themselves out of the water to 
snatch the escaping fish. 































. os. Bare 
» The art of hydroplaning 
Speeding through shallow water 
allows dolphins to access fish that 
swim close to the shore. This is called 
hydroplaning and the dolphin skims 
along in the shallow surf at high speed. 






095 





adm LIFE BENEATH THE WAVES 





How dolphins think 


Their complex brain fuels the animal to process information, 


store memories and solve puzzles 


The emotional centre of a dolphin’s brain is 
more complex than ina human brain. It has 
a larger surface area and more folds, which 
indicates that their brains have evolved to 
process emotion. 

Whale and dolphin brains also contain 
specialised nerve cells called spindle 
neurons. These cells are associated with 
the ability to reason, experience emotions 
and make quick decisions. These were once 
thought to be possessed only by humans 
and were even nicknamed ‘the cells that 
make us human’. What's more, dolphins 
have three-times as many of these cells as 
humans do, even when accounting for their 
larger brain size. Not only do dolphins and 
their relatives have these spindle cells, but 
they have also had them for twice as long 
as humans. 


Along with this amazing brainpower, 
dolphins have one of the longest memories 
of the entire animal kingdom. Even if 
dolphins are separated for 20 years, they are 
still able to remember a familiar face. This 
was noted in aquaria in the United States, 
when dolphins that had been briefly housed 
together at the age of only six months old 
were played audio of one another’s signature 
whistles. Upon hearing the familiar call they 
instantly responded, whereas an unfamiliar 
callis often ignored. 

Dolphins also have good short term 
memory and can remember lists of items. 
Some dolphins are even able to understand 
sentences of human speech. Dolphins in 
a1993 study could remember strings of up 
to five words and responded to what the 
human was asking for. 


“Dolphins in g 1993 study could remember 
string of up to five words and responded 
to what the human was asking for” 


RIGHT The 
muscular 
dolphin is 
(o-Voy-Ve) (Mey acres eels) 
truly incredible 
acrobatics in and 
out of the water 
















BYo)le)aliake laren alelaayeln 
brains compared 


Dolphin brains are larger than human 

| oyccbbotspmolbimat-\ionaelem=>.¢-(elmct-Dealee-Dast=ts 
FValemacoyes}oloyel-volese Welemnvag bella (-ousiob atlas) 
of the brain is called the cortex and in 
whales and dolphins this layer has more 
folds than in humans. This points to 
extreme intelligence and the dolphin 
brain has evolved perfectly to help them 
survive the seas. 


a> & 





DID YOU KNOW? Smaller dolphins live for ground 20 years, while larger species’ lifespans can be 80 years or more 





“Dolphins have one of the 
longest memories of the 
entire animal kingdom” 


asp elon nicoyeelcyansot-tmelo)lolabbulcesbacl 
such a popular animal - their 
cheeky grin is very infectious 
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MEET THE FAMILY 


WHALE 


CT r= VA arel(s : Along for 
: : ; . the ride 

A haven for tiny travelling parasites “ Parasites and 
Known for their distinctive look, these big ocean beasts eigaiisine [Ne onigray 

: : , whales’ bodies, giving 
are covered in parasites and organisms that make them look x thin a distinctive 
i ; a lot like an ocean rock. Unusually, the whale uses its snout \ rock-like look. . 
: ae ed a Gone IKON bts) Loe fexa small creatures from the sea floor FValobsi(ca(ersnualsyeel 
Lifespan 50-60 years through comb-like filter plates in its upper jaw known as baleen. 
sa / Once used to make corsets and umbrellas, gray whale baleen 
Conservation status is tough but flexible and can grow up to 50 centimetres (19.7 inches) 
a *} long. While following their lengthy migration, a gray whale canswim 
Ew eR EN@ ND wc 


some 20,000 kilometres (12,427 miles) to Alaskan waters and then back 
Ea to the Mexican coast. 





WW (lela be hele caretle)(epasteeslorses 
of the whale super family 
























Filter feeder 

Using baleen plates to seive 
zooplankton and small fish, 
Sei whales consume up to 
900 kilograms (2,000 
pounds) of food every day. 


. Distinctive spout 
SEI WHALE a The sei look similar to blue and finback whales, 
Balaenoptera bor ae except they’re smaller and have a curved dorsal 
Class Mammalia nd ae : 
fin with a dark underside. They are often 
noticeable by the inverted V shape of the spout. 


Territory Atlantic ar 


j 61,729lbs 
j Conservation s 


The largest brain 

Sperm whales have the largest 
brain of all animals on Earth. ~~ 
Weighing 9kg (2O0lbs), it’s about six 4 —_— 


Sel ViVi avs] (2) times heavier than a human’s brain. ~ ™ 
A speedy cetacean with Sp erm whale 


a healthy appetite for plankton . SPERM WHALE! The giant of the ocean with a 

A filter feeder that uses its baleen plates to sieve Class Maca ; : Bis Grain eae 

zooplankton and small fish out of the water, sei whales can ow SIZea € celia) O Matec . 

consume up to 900 kilograms (2,000 pounds) of food every With the biggest brain of any animal on Earth, the j 


day, competing with other whales, basking sharks and sperm whale is an incredible creature that can eat an \ 
large fish such as herring. enormous quantity of food a day. 


Sei prefer temperate waters, although they can be found Territory All oceans The whale is named after the spermaceti oil that 
in seas all over the world, including tropical, Arcticand it produces in an organ of the same name, within its 


Antarctic oceans. They usually travel alone or in small pods huge box-like head. It’s thought that this fluid, which 
with less than five members and can cruise at speeds of hardens to wax when cold, helps the whale regulate its 


26 kilometres (16 miles) per hour, up toa maximum of 50 buoyancy. This comes in useful when the whale dives 
kilometres (31 miles) per hour. They have become a more to the depths of the ocean to feed on things like giant 
popular target for whalers as the populations of blue and squid, where they can hold their breath for up to 90 
finback whales diminish. minutes at a time. 





Diet Carnivore _ 
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DID YOU KNOW? Sperm whales were almost driven to extinction by commercial whalers who sought the whales’ blubber 









Minke whale 
The baby of the filter feeders 


The second smallest baleen whale, the minke, measures on average 6.9 
metres (22.6 feet). Distinguishable from other whales by a white band on each 
flipper, minke whales have up to 360 baleen plates either side of their mouths 
to help feed. They’re a dark, near-black colour with a white underbelly. The 
whale takes three to five intakes of breath and dives deep into the water for 
up to 20 minutes at a time. Reaching speeds of around 38 kilometres 
(24 miles) per hour, they sieve through the water for plankton 


Balaenoptera a 
ot EY Felaataatel tc] 





Territory: All 0 
Diet Plankton an 
Lifespan 30-50 


and krill, catching the occasional small fish and Adult weight 9,200 
: ~ sometimes giving chase to sardines. They pit 
S habituate all the oceans except polar 
rea y ones and swim in groups of 
ss yx justa few individuals. 


Natural filter 

35 grooves on the throat 
enable the humpback to 
gulp and filter water by 
extending the throat. 


The song of the humpback 


These whales are known for the 


incredible way in which they 
communicate. Their amazing songs can 
be heard across massive distances. 








Megaptera nove 
Class Mammalia 


A 









(Ulan) e)eys(e.@uVarel(= 





Unique markings 

Minke whales are distinguished by 
a pointy, triangular snout and white 
bands around their fins. 





Most 
unusual 


INE Wants ote Maly Coyatere (oyebeetey alelac cers 
Amember of the Monodontidae family 

(a group of toothed whales), narwhal are 
most recognised for the tusk that grows 
up to 2.7 metres (8.9 feet) long. Nicknamed 
the unicorn of the sea, its tusk is actually 
the more prominent of two teeth of the 
male of the species (although females can 
growasmall tusk too). The tusk grows 
through the upper lip and some believe 
it’s predominantly to impress females 
during mating rituals or to battle off rival 
males. The pale-coloured creatures travel 
in groups of 15 to 20, feeding mainly on fish 
and shrimp. 


Vy 





| Tenttory Allo The oceanic composers 
, eee re Aremarkable creature, the humpback is another colossal baleen whale of the ocean. It has 











59,525lbs 


Conservation to enable huge intakes of water to then filter in food such as plankton and krill. 


often last hours. 


Humpbacks are renowned for performing amazing songs that can be heard over great 
distances. Thought to be great methods of communication, particularly to attract mates, 
the songs are made up of moans, howls, cries and the humpback’s complex noises can 


up to 35 grooves on its throat all the way from the chin to the navel. It can expand the throat 


© Thinkstock; FLPA 
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KILLER WHALE 












































the deadliest marine monster - it’s the 

@@ killer whale. No animal dares to prey on 
these 9.8-metre (32-foot) beauties, qualifying 
them as the apex predators of the ocean, just as 
humans are the apex predator of the land. It’s 
human intelligence that keeps us at the top of 
the food chain, and killer whales - or orcas, as 
they're also known - have incredible brain 
power to match their superior brawn. 

In fact, they have the second largest brain of 
any marine mammal (after the sperm whale), 
but size isn’t all that matters. Intelligence is 


| | aws was wrong: the great white shark isn’t 
| 


measured by a number of different factors, with 
scientists analysing social behaviour, self- 
awareness and communication when forging 
lists of the cleverest creatures on Earth. 

Killer whales tick all these boxes, boasting 
one of the most complex social structures in the 
entire animal kingdom. They travel together in 
matrilineal groups consisting of amother and 
her offspring and since females can live up to the 
grand old age of 90, there can be multiple 
generations in one group. 

While female offspring may go their separate 
ways and start their own matrilineal lines when 





JID YOU KNOW? The nome killer whale came from ancient sailors who saw orcas killing other whales and large prey 


they hit sexual maturity (between 10 and 15 
years), the male killer whales commonly remain 
with their mothers their entire lives. That’s not 
to say they don’t enjoy a healthy social life, 
though. Closely related matrilines (up to four 
matriarchs and their offspring) form what are 
known as pods, which sometimes meet up with 
other pods of orcas. 

The final level of the social structure is calleda 
community. This is created when a group of 
clans in an area meet up and likely find 
themselves a mate, but the males will always 
return to their mother’s side. 
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Amazingly, each pod of killer whales 
has its own dialect - a series of distinct call KILLER \ 
patterns - which gives the group its own ie 
unique identity. As soon as a baby killer 
whale (called a calf) is welcomed into the 
world, the family will use these calls more 
frequently than ever. This is so that the 
newborn can master the lingo, just like 
human parents use repetition to teach 
their children how to talk. Mothers share 
valuable life lessons with their calves and 
discipline them from as young as two days 
old with a tooth scratch, or by using their 
bodies to restrict the baby’s movement. 
Communicating via distinct clicks and 
whistles also helps to hammer the message home 
even further. 

An orca’s voice helps it find supper in the first place. To 
enable the creatures to navigate the murky depths of the 
ocean, killer whales emit a clicking sound that travels 
under the water, bounces off an object and then returns 
with revealing information about the object’s size, shape 
and distance. This incredible technique is known as 
echolocation and helps orcas track down their favourite 
kind of fish - chinook salmon. Once they are locked onto 
their target, the incredible orcas appear to go into stealth 
mode so as to not give the game away too soon. 

Not all orcas have the same diet, however, and just 
as their unique dialects differentiate between pods, it’s 
also possible to tell which ecotype they belong to. There 


S50 © 











are actually three forms of killer whales: 
resident (the most recognised), transient 
and offshore. Not only do they each sound 
different, but they also look and act ina 
variety of ways. They don’t associate with 
one another and one day we might even 
be able to distinguish them as separate 
species. However, the one thing they will 
always have in common is their unmatched 
hunting methods that they pass to their 
young. Sometimes the adults will injure 
their prey and then release it near the 
juvenile whales to give them a sporting 
chance of catching their dinner. 

Despite actually belonging to the dolphin 
family, killer whales can grow to a staggering size of 9.7 
metres (32 feet) and weigh over 5,500 kilograms (12,100 
pounds). Dare to peek inside their jaws and you'll find over 
4o spiky teeth up to 13 centimetres (five inches) in length, 
each of which is designed to bear down on blubbery 
flesh, ripping it apart without the need to chew. They 
are positioned so that the upper teeth fall into the gaps 


between the lower set, which help to lock the prey in place. 


It’s definitely an advantage when the favourite meals of 
transient and offshore types tend to wriggle, including 
seals, penguins, sharks and other whales. They've even 


been known to take on great white sharks and blue whales, 


the latter of which can grow larger than three double- 
decker buses! However, it’s not just a formidable body 
structure - designed to propel them through the water at 





More than 
one orca 


Take a closer look at the 
different populations of 
killer whale in the world 


Offshore 

Distinguishing features: 
Smallerinsize and females have 
rounded dorsal fin tips 

Diet: Sharks, fish 

Commonly found: North-east 
Pacific and Vancouver Island. 
Their name gives away their love 
of travelling far from shore. 


Transient 

Distinguishing features: 
Females haveatriangular 
dorsal fin 

Diet: Marine mammals 
Commonly found: Coastal 
waters of the north-east Pacific, 
usually in smaller groups of six. 


Resident 

Distinguishing features: 
Females usually have arounded 
dorsal fin 

Diet: Fish, sometimes squid 
Commonly found: Coastal 
waters of the north-east Pacific. 
They live ona diet offishand 
move in matrilineal groups. 


Canada 


& ° Vancouver Island 


Pacific 
USA 


Dorsal fin 

7 An orca steers using 

on Gerecimalele the dorsal fin, which 
canreachup toa 

staggering1.8 metres 

| (six feet) for males. 































peering cautiously. 


| Animportant part to the killer 
’ whale’svital hunting manoeuvres, © 
the tailpropelsthewhalethrough | 
the water at top speed, enabling it 
to also balance as it floats upright, 


Echolocation 
over eye 
Orcas have 
excellent eyesight, 
but echolocation 
is their best 
navigation tool. 


| Pectoral fin 
The fins on 

either side are 
| used to touch 










§ 40sharp teeth 
These are positioned 
so that the upper teeth 
fallinto the gaps of 
the lower set, locking 
prey in place so killers 
can drag theirvictim 
underwater. — 


Air enters the 
lungs through 
the blowhole 
and muscles 
™ keepit 
covered under 
the water. 






























Blowhole Gs: 


DID YOU KNOW? There cre believed to be approximately 50,000 killer whales in the world 


Sharp senses 


Orcas use echolocation as a means of navigation, 
hunting and communication, by emitting high- 
frequency clicks under the water 






Listening for echoes 
These echoes enable 
the killer whale to 
detect prey, butsome 
fish are able to hear 
the clicks and escape 
with early warning. 





Orcas in numbers 





Emitting clicks 
The orca emits short 
pulses ofsounds called 
clicks and when these 
sound waves connect 
with an object, they 
bounce back. 


Making sound waves 
Sound travels faster and 
farther underwater than 
it does inair, but the killer 
whale’s sensory system 
enables it to decipher the 
different echoes. 


LEE Ie. 

























In communication 
Orcas also use 
echolocation to 
communicate and each 
pod hasits own unique 
sound that it uses when 
members interact. 













The whales peek 
above water to 
check for prey, 

then jump at an 


9,815 227 


Akillerwhale | Orca pods : ki | impressive speed 
swimming The gestation | Some female canconsistof = The top Age atwhich ] OS to catch one 
atfullpower — periodfororca  orcascanreach _manymembers —_—_ength ofa femalekiller § Amountan 
canreachthis | mothersis _ thisripe oldag huntingand __—_—killerwhale = whalesmature _orcaeats 
incredible twicethatof —— inthewild migrating each da 
top speed ahuman as one _ 


speeds of 50 kilometres (30 miles) per hour - that 
enables orcas to bring down such large prey. It’s 
their minds that make them true killers. 

Working as a team, orcas adopt a manoeuvre 
known as spy-hopping, where the creatures swim 
vertically to the surface and poke their heads above 
water to take a good look at their surroundings. For 
at least 30 seconds they use their tail (or fluke) for 
balance and pectoral flippers on either side to keep 
afloat, like a human uses their arms to tread water. 
They'll be hoping to spot a seal, although these cute- 
looking animals are armed with sharp claws and 
teeth - the killer whales know this, so will always 
aim to grab the seal’s tail to be on the safe side. 

Before the chase even begins, the orcas gang 
up on the seal that will be resting on an ice floe, 


thinking it’s probably safer on the land than in the 
water. Working together, the whales duck under 
the surface and swim side by side towards their 
quarry. At the last moment, they quickly change 
direction and unleash an all-mighty wave that 
crashes over the block of ice and knocks the prey 
clean into the water. 

By now the seal is fully aware that it’s under 
siege and there’s always a chance it can escape 
by clambering aboard another ice floe. The orcas 
will be doing everything they can to prevent 
this, by using their immense bodies to create 
underwater turbulence and blowing bubbles to 
encourage the seal to dart into open water where 
it doesn’t stand a chance against the pod. From 
this point on it’s a game of catch-the-seal- 
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Lethal hunting techniques 


Orcas make formidable predators thanks to their ability to operate as a team and 
make use of methods that are masterstrokes of whale ingenuity 
















. © , « > FA 4 - : xr. 2, | 

«tt “OP ; » ~—7 ; _ Team work 
Spy-hopping ” . . <>. Seals have excellent 
Killer whales are the = hearing, so the whales 
only marine mammal remain silent before going 
known to locate and in for the kill. Theyremain 
capture prey out of the in parallel formation and 
water by spy-hopping charge towards the ice floe 
-rising vertically where asealis resting. 
above the surface to 
see what’s there. 







Catch of the day 
Aseal’s teeth are sharp, 

so the whales will avoid 
getting hurtin the process 
of capturing their meal by 
aiming for the tail. They 
will then drag their quarry 
under the water to drown 
it, before divvying up 
portions among the pod. 
















Making killer waves 

Pumping their tails (flukes), 
the whales create an almighty 
wave that crashes over the ice 
floe and washes the sealinto 
the water. They continue to 
workasateam to confuse the 
seal by blowing bubbles and 
creating turbulence. 


“The way the killers hunt is a prime example 
of their intelligence and fascinating minds.” 





by-its-tail, and once they do they will drag the creature to The minke’s only real defence is its sheer endurance, but Ly  *& 
the ocean's depths and drown it. Unlike the seal, the killer the killer whales are genius hunters. The outridersreplace [ijilie! 
whale can hold its breath for long periods oftime.Theway oneanotherinrelays, keeping up momentum. Withmany | =a wr 
the killers hunt is a prime example of theirintelligenceand __killersand only one minke, the latterinevitablytires.The | . = 
fascinating minds. orcas then move in for the kill, biting and attempting to flip mR, ‘ 

A family that forages together, feeds together, but seals the whale over. By keeping its blowhole submerged, they va a 2) : 
only make modest meals. If the opportunity arises, the can effectively drown the minke before devouring it. aes * 2 
orcas will hunt other whales, such as the Antarctic minke. The whales are so expertly organised that they have i at “4 ie 
These solitary animals easily match the size ofa killer been compared to wolf packs, and this fierce reputation SS a ee 
whale, which is still small by whale standards, but provides has endured since ancient times, giving them their oe - Sey tt: : 
a hearty feast fora hungry pod. When the minke whale is scientific name Orcinus orca. The name comes from the oa — - o 
within sight, the black-and-white hunters head towards mythological Orcus - the Roman god of death and the ys Lug . 
the creature at top speed and draw level. They position underworld. Still, there’s no record of this sea-bound e ; a ma . 
themselves with one on either side of the victim, blocking behemoth ever killing a human in the wild. In captivity, ag r Ls 


any means of escape, and pursue it for hours on end. 
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however, it’s a different story. 





DID YOU KNOW? Killer whales live and hunt together in ‘pods’, or family groups, much like a pack of wolves 





"A family that forages together, 
feeds together, but seals only make 
modest meals” 
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“Orcas show high levels of emotional 
capacity, self-awareness and problem- 
solving skills that show a superior intellect” 





You were working as a sound 
engineer to record orcas’ voices 
before dedicating your career 

to the scientific study and 
conservation of them. Can you 
describe that first encounter 
with a killer whale? 

I learned some of the orca 
sounds on an electronic 
synthesizer and on one of the 
first times we met the killer 
whales I played them my 
imitation of one of their calls. 
After a moment's hesitation, 
two or three whales answered 
in unison with a perfect mimic 
of my sound. Later we realised 
that since the young whales 
are born without the sounds 
of the pod, that mimicry is an 
sbesveleyar-velmestisololom cova (r-vosnuersy 
aVotcimaeteelsroMolvimionelonrolecdl 
dialects that were unique to 
each pod. Now, many years 


a 


Quick questions 


with an expert 


Name: Erich Hoyt 
1: Co) CEM oteUCcecveloRelliebbebaas-vawelse 
Organisation: Research fellow with Whale and Dolphin Conservation UK 


later, we are still learning 
every day about this amazing 
and beautiful species. 


They've been called wolves of 
the sea and killing demons. 
What did orcas do to earn such 
frightening names? 

They are predators at the 

top of the food chain. From 
Greek and Roman times orcas 
were seen hunting together 
in pods, killing and eating 
larger whale species. That 
would have earned them 
some of those names. At the 
same time, however, in native 
cultures living around the 
Pacific rim, orcas were highly 
respected for their hunting 
ability. Some cultures saw 
them as their ancestors and 
joLetmnd e(cyeeMey em ol-ab anno) c-y00W ole) (cx 
to be admired and respected. 


For your book, Orca: The Whale 
Called Killer, you spent time 
living among pods of killer 
whales off northern Vancouver 
Island, Canada. Could you share 
some of your experiences? 
Ispent ten summers with the 
same pods of killer whales, 
getting to know them as 
individuals and families. 
Some were very stand-offish, 
while others such as two 

older matriarchs, Nicola and 
Stubbs, were very friendly and 
tolerant of our presence. There 
were a couple of hyperactive 
youngsters in the early years 
that we called The Twins. 
They weren't actually twins 
loloum olebotea-bae)pbalemuesecimelsvar-belel 
LvEXeremuop o)tcyva-baelevelemolepaloley- 1m 
They would also come by our 
camp at night and splash in 
the near-shore waters. We 


too. In fa 


truly felt a part of their world. 


As a senior research fellow 
with Whale and Dolphin 
Conservation UK, what can 
people do to help ensure the 
continued survival of this 
amazing animal? 

Join a whale-conservation 
group, adopt an orca, a 
dolphin or a whale, volunteer, 
refuse to go to SeaWorld, 
read all you can about the 
ocean. A good starting point 
is the website Whales.org or 
its Facebook page. Read up, 
follow them and get to know 
the whale world! 


Orca: The Whale Called Killer 
by Erich Hoyt is digitally 
available on Kindle. For more 
information, visit www. 
erichhoytbooks.com. 


ct, the Whales are well known for their playfulness 
and curiosity. ' 

They’re also often observed leaping out of the ocean and 
AEcVoXobbateMoyeduol=sbass(o (cme) moro @nisidensmao)(ossist-Vacje) lsiepmcenlenisal 


as breaching, and lob-tailing, which involves slapping the 





-—N 
BELOW An orca 
dives back into 
the water after 

breaching, 

which is thought 
to be part of the 
courting process 


oy 


tail flukes on the water's surface. These displays of water 


















BELOW The family 
structures within pods 
is integral to killer whale 
survival, and isa big 

bbote bletslnoyaoymaet-ypa@p elec} 
intelligence 


Since the 1970s there have been attacks on nearly two 
dozen people worldwide, but opinion is divided over 
whether these are accidents or deliberate attacks. Orca 
expert and neuroscientist Lori Marino doesn’t underestimate 
this animal’s intelligence: “I'm not trying to second-guess 
what was in this particular whale’s mind,” she told Orlando 
Sentinel, referring to a recent fatality in an aquatic park. 
“Certainly, if we are talking about whether killer whales have 
the wherewithal and the cognitive capacity to intentionally 
strike out at someone, or to be angry, or to really know what 
they are doing, I would have to say the answer they do.” 
Researchers agree that orcas exhibit high levels 
of emotional capacity, self-awareness and 
problem-solving skills that hint ata 
superior intellect. Fishermen tell stories 
of Alaskan killer whales stealing 
fish from longlines and, when 
the men started positioning 
ivetcyba@oley-lispeedllarces)ey- amr Datel 
taking turns to reelin the 
haul, the orcas split into 
two groups. 

Footage of killer 
whales playing with 
chunks of ice when 
aman tosseda 

snow ball in their 
direction shows 
intelligence in the 
form of recreation, 


acrobatics can be a sign the killer whales are courting, 
relieving an itch or purely playing. Mothers dedicate a lot 
of time to the latter, investing so much time in being good 
parents that they only have a calf every five years or so. This 
is also due to a lengthy gestation period of 16 to 18 months 
- the longest of any whale. This is surprising since they are 
by no means the largest mammal of the ocean, but it takes 
time to develop such a large brain - the second largest of any 
FVouuestel Moyema elem o)t-vatcim 

Fascinatingly, killer whales also experience the 
menopause just like human females do. They are one of 
only three species that continue to live long after they have 
stopped reproducing, which means the mothers can devote 
the rest of their lives to taking care of their offspring and 
grandchildren. The reason for this unusual evolutionary trait 
is believed to lie in their social structure, where mothers take 
aleading role. 

Each member of the pod pitches in to raise the young 
and the bonds between them are akin to human families. 
When a calf dies, for example, mothers have been witnessed 
carrying their baby with their heads and when the calf slips, 
the family dives to retrieve the body. They appear to become 
withdrawn, go off their food and regularly return to the spot 
where their family member died. As humans, it’s difficult 
for us to avoid projecting our own feelings onto an animal, 
but it seems that killer whales - and other highly intelligent 
species such as bottlenose dolphins and elephants - mourn 
their dead. It’s heartbreaking, but this emotional intelligence 
is just another indication of how astoundingly clever these 
animals really are. 


DID YOU KNOW? Orcas’ black and white colouring helps them to obscure their outline in the water when hunting 





“Each member of the pod 
pitches in to raise their 
young and the bonds 
between them are akin to 
human families” 





© Corbis; Getty; FLPA; NaturePL.com; Thinkstock; Dan Cole; Peter Scott; 


Christopher Michael 
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1 8 Fantastic facts 


KILLER WHALES 


Killer by name, killer b 
YlateccralmchatercucobitetoKetimer: 
aavidemcleye)bimectchyVer-(chdet-1m (04 a 
a whale, from which even: great. 
whites make a paty PREG nS aaa y 









Bi They go by many names 
Today, they are most commonly knownas orcas and 
killer whales, but their Latin name orcinus orca is 
thought to translate in modern terms to ‘demon from 
hell’. Across the centuries and different cultures, 
they have also been called asesinas de ballenas, 
which translates as whale killers in Spanish, 
zwaardwalvis, meaning sword whale in Dutch and 
= shachi, the Japanese term for tiger and fish. 


Excluding humans, no - Family matt 
mammal’s range is as jer ers to orcas 
Amother cares for her calf for one to two years. Even once 


they have matured, most killer whales will stay in the same 
pod as their mother for the rest of their lives. 


widespread as the orca’s. 
They are found in all of 

Earth’s oceans, from the 
equator to both poles 


Just behind the dorsal 
fin, killer whales have a 
grey patch known as the 
saddle, or cape. Varying 
in shape and colouration 
between individuals and 
easily spotted from the 
surface, this is often 
used along with the fin to 
identify individuals 
Male orcas are slightly 
larger than females and 
their dorsal fin is an 
indicator of gender 
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Killer whales are dolphins 


Despite their name, killer whales are in fact the 
pEWestetsjmpentcyanlole) ccxeymaaccno(o)|o)aubopmeymalcdio)anbavors(-y 
family. Though just to confuse matters further, 
Vimo lo)lolevvetspr-VUMUbele(yadelcMeycolyaemieviccloe 
odontoceti or toothed whales! 





Their closest 
relatives are 
actually hippos 


Despite acting more like 
wolves, orcas share a 
common ancestor with the 
hippopotamus, a prehistoric 
pig-like animal called 
indohyus that lived around 48 
million years ago. 


They are the 
fastest marine 
mammals 


These apex predators are the 
cheetahs of the sea. In1958 a 
bull killer whale was clocked 
travelling at 55.5 kilometres 
(34.5 miles) per hour in the 
Pacific Ocean. 


DID YOU KNOW? The number of killer whales in captivity has significantly declined in the last two decades 





They are great team players 

Killer whales form close-knit bonds with their fellow pod 
members, which on average tends to number around 40 
individuals. They do everything together, spending their 
time travelling in search of food, playing, hunting and 
resting. They have developed some ingenious collaborative 
tactics for capturing prey, including taking turns to chase 
down avictim until it’s exhausted and creating waves to 
knockstranded animals office floes. 
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They listen through 
their jaws 


Although the orca’s physical ears are two 
small holes located just below the eyes, 
several parts of the head contribute to its 
hearing. It targets clicksin a beam from the 
bump onits head called the melon, then 











They can hunt just 
like bats 


Killer whales can detect their next 
meal in murky water or evenat night by 
making clicking sounds and listening 
for the resulting echoes. Studies have 
shown they can even pinpoint specific 
prey using this technique. They use this 
same echolocation ability to navigate. 
Unlike bats, orcas also have acute 
vision, so they can use both senses 
individually or together, depending on 
the environmental conditions. 


Every pod has its 
own dialect 


Very social creatures, killer whales use a 
complex series of whistles, pulsed calls 
and clicks to communicate with one 
another. There are similarities in signals 
across all groups, but nevertheless, 
scientists have detected distinct 
variations, not just between regions but 
even from pod to pod. 


Killer whales will 
sometimes eat sharks 


Sharks usually sit quite comfortably at the 
top of the food chain, but even they need 
to take care if killer whales are around. In 
2014, marine biologists captured a video 


perceives the majority of the returning 
echoes via its fat-filled lower jawbone, 






inner ears. 


Orcas are very sacred 
to many Native 
American tribes 


Often referred to as blackfish, killer 
whales appear in many legends and 
fables in Native American cultures. Some 
believe orcas were the reincarnated 
spirits of young tribesmen lost at sea. 






through which the vibrations pass to the 


ofan orca pod harryinga tiger shark until 
it flipped over. There have even been 
sightings of orcas taking on great whites! 


Black and white is perfect 
fore] nacele litle cs 


The killer whale’s patchy markings have evolved asa form of 
disruptive colouration, masking their true outline to deceive 
prey into thinking they are no threat, until it’s too late. They are 
primarily black on their backs and white on their bellies, which 
EWistop nate cccrsuu olcyeometsbael-ym Kens) elem aaeyeom-yiael-va-lelenucneya el-J (eA 


They also eat moose 
It might not seem the most likely of prey 
fora marine mammal, but mooseand 
deer in Alaska have fallen victim to orcas 


when swimming between islands and 
the mainland. 
















They’re not afraid to 
venture onto land 


Killer whales can go to great lengths to catch 
their next meal, even intentionally hurling 
themselves out of the water and beaching 
themselves to catch a sea lion or 
penguin lingering temptingly 
close to the waterline. Typically 
performing this trick at high 
tide, they let the waves carry 


them back into the sea, 
though now and then it 
can backfire and they Bye Boh 


get Siapded. r 


Pan! 





eas 


Their favourite delicacy is tongue 


Sometimes killer whales will take on bigger whales, even the ; 
largest animal ever to live-the blue whale. Onlyabletoeatsomuch |+« 
in one sitting, they generally dine on the tongue and lips and leave ‘ 


the rest. That said, in the case of the blue whale this is no small Rs 
snack, asits tongue is big enough to fit a line of 50 people! 
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The deadly pufferfish 


Alook at why, despite its size and timid appearance, one type of fish 
can be extremely deadly when it comes to defending itself 


T he pufferfish is a group of over 
100 species that are so-named 
for their unique line in defence. 
When cornered, a puffer’s last gasp is 
to draw in water (or sometimes air) 
and pump it to the stomach, 
expanding to three times its normal 
size; deterring potential predators and 
when possible, affording it the vital 
seconds necessary to escape. 

To achieve this with the required 
efficiency and speed, once the puffer 
has taken on water its gills clamp shut 
anda powerful bow-door-like valve 





closes over the inside of the mouth. 
Once the mouth’s cavity is 
compressed, this forces the water into 
its stomach. 

Despite its resulting comic 
appearance, the tissues and organs of 
many a puffer are no joke, laced with 
the potent poison tetrodotoxin -a 
single pinhead of which could killa 
grown man. This makes it ten times 
more deadly than the black widow 
spider. The poison is produced as part 
ofa mutually beneficial relationship 
by common bacteria where nutrients 


are exchanged as payment for the 
ultimate deterrent. 

Some species such as the porcupine 
puffer are more sporting than others, 
covered with spines that offer added 
protection and ample warning to any 
would-be attackers. Each spine is 
attached to the skin by an ingenious 
tripod-shaped bony base. When the 
skin stretches, one of the legs is 
pushed forward and two are pulled 
back to snap the spine outwards... 

a point well made in more ways 
than one. 


Fact File 


Pufferfish 


Type: Fish 

Diet: Omnivore: algae, molluscs, 
invertebrates and crustaceans 
Average life span: 4-8 years 
Power: Pressurised water 
reactor, fuelled for life 

Weight: 150g-30lbs 

Size: Lin-3ft 

Habitat: Tropical/sub-tropical, 
saltwater, brackish, freshwater 








B(stcerelocey dy 


Second only to the golden dart frog, pufferfish 
are said to rank as the most deadly vertebrate 
on Earth. The poison it carries, tetrodotoxin 
(TTX), is not of its own making; itis produced, 
in association, by relatively common marine 
bacteria and dinoflagellates. 

In susceptible animals, TTX binds to the 
sodium channels of nerve cells, halting the 
Sboviluhqojacorenlbveu-Delomerlutsjielee-Keciicr-1aloeKei 
nerve function; this leads to suffocation, 
paralysing the diaphragm and causing the 
death of its victim. There is no known cure. 

Humans are most likely to taste its deadly 
effect from improperly prepared Japanese 
delicacy, fugu. The diner can expecta 
deadening of the mouth, dizziness, vomiting 
and difficulty breathing. This is followed by 
respiratory failure and coma or death within 
24 hours if treatment is not forthcoming. 





Each atom of the molecule ¢ a 
is colour-coded: carbon 
(grey), hydrogen 
(turquoise), oxygen 

(red) and nitrogen 

(blue). It binds to sodium 
(ol at-Vovel=) tomo) (ole canatead ets 
transmission of 

nerve impulses 
Evalobolotieabieradets 
nervous system. 








DID YOU KNOW? Moray ee! jaws are strong enough to bite off a human finger! 


How moray eels feed 


Find out why catching a fish dinner is a doddle when you've got two mouths 


he moray eel is a slender, reef-dwelling fish 

native to the nooks and crannies of subtropical 

and temperate seas. While they are voracious 
eaters, they are not great swimmers due to their lack of 
a pectoral fin. Instead they lurk almost motionless in 
rocky crevices, often with just their heads peeking out, 
waiting for a meal to swim by. 

Most other bony fish have developed a method of 
slurping up prey by very rapidly opening their mouths 
to create an area of negative pressure directly in front 
of them. This quickly draws water - and any 
unsuspecting victim - back into the mouth cavity. 
While fish that bite also use suction to get food from 
their mouths into their throats, the moray eel doesn't. 
In fact, few fish consume their food in as impressive - or 
terrifying -a manner as the moray eel. 


Jaw-dropping anatomy 


Get the lowdown on this opportunistic reef hunter 


Pharyngeal jaws 
Deep in the throat, behind 
the eel’s skull, is a second 
set of ballistic jaws shaped 
a bit like forceps and used 
to grab prey and drag it 
into the oesophagus. 


Poor eyesight 

Most moray eels are 
nocturnal. While their 
small eyes and ears make 
for poor eyesight and 
hearing during the day, 
this is made up for by a 
keen sense of smell. 


Smell 

To make up for limited 
vision and hearing, the 
moray eel constantly 
opens and closes its mouth 
sucking in water to taste or 
sniff out prey or predators. 


Teeth 

The moray’s deadly 
looking mouthful of 
incredibly sharp 
teeth curve inwards 
slightly so as to 
prevent their meal 
wriggling back out. 


Because they live in tight crevices, the suction 
method wouldn't work for a moray because the head 
has no space to expand into. And besides, the eel’s prey 
is generally too large to really be affected by the suction 
technique. Instead, morays are the only known species 
of vertebrate to possess two pairs of jaws. It sounds like 
some kind of special-effects monster from the Alien 
movies, but the moray eel has a second set of raptorial 
jaws inits pharynx: the pharyngeal jaws. These 
gnashers located behind the eel’s skull lurch forward 
after the fish has taken the initial bite and grab at the 
victim, drawing it back down into the throat so the eel 
can swallowit. 

It’s thought that these movable second jaws area 
result of adaptation to suit the confined spaces these 
fish tend to inhabit in reef environments. 


Skin 

Moray eels don’t have scales 

- instead the thick skin is slimy 
to the touch as it is coated in 
mucus. To hide in the dappled 
reef, morays are camouflaged, 
including inside their mouths 
which gape open a lot. 


Moray eel 
Binomial: Muraena retifera 


Type: 
Diet: Carnivore, eg fish, 
crustaceans and cephalopods 


Oral jaws 
The lengthy lower mandible of 
the first oral jaw enables the 
fish to snap its mouth shut 
very quickly and powerfully 
grip its victim as if in a vice. 



































Off the menu 


Moray eels are high up the food 
chain, which leaves them more 
susceptible to the accumulation of 
toxins. Ciguatoxin, for instance, is 
F-Mat-cinvme)gel-1a) (omexe)pn)eiolelalem aat-le(c) 
lo Var= Ie) 8-101 | (Om AYZ OL=MO) Mme] | nveya r-Ye(=)1 (e182) 
(a single-celled organism). At first 
i p\=Moi[elUr-lney diam ant-\Vm elmore) aci0 la alete| 
by a snail, which may then be 

(-¥-] 10 o)Var- Rerg-] opmaa(=Merg-]oManl(e|ali 
loy=voxeant=Mellalalclance)mreM-lae(c) mica) 
late mcvomeamlali] Mmilat-]i\VAmualeM pntele-\\a 
(re) Met=imcwcve) a alcidal lave mexe)alr-lea)lateincvem 
Essentially, the higher up the food 
chain, the greater the toxin 
concentration. Cooking does not 
destroy ciguatoxin so it’s safest 
simply to avoid eating moray eels. 


Spine 

" Over 100 vertebrae keep 
| very flexible, 

[eM imexeyal cola mine) 


vre the jaw and 
into the throat. 
\e 


Ae _ Elonga pics 

J at ~ _ surrounding the 

/ ” pharyn al jaws allow 
Mor ind greater r ieelatel) 
« vement than 


- 
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The statistics... 


al 


Average life span in the wild: 
10-20 years 

Weight: Up to 30kg (66/b) 
Length: Up to 3m (9.8ft) 
Habitat: Generally bottom 


dwellers worldwide (tropical 
and temperate oceans) 
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Son) LC) oeerea turtles 


VULNERABLE common sea turtle in 
the Mediterranean 


DID YOU KNOW? Sez turtles migrate thousands of miles in their lifetime through ocean basins and high seas 





/ | They've been around since the dinosaurs’ time, but modern 
day sea turtles face their toughest challenge yet. Whether or 
not their story has a happy ending depends on us 


AVAVColgelsi ola Fel amy ANY ets) 


in the ocean. Ina habitat dominated by fish, 

invertebrates and the occasional mammal, 
these ancient creatures are some of the only marine 
reptiles. And while saltwater crocodiles, sea snakes 
and marine iguanas also call the sea home, no other 
ocean-based reptile occupies such a vast territory. 

Found in most of Earth’s oceans, sea turtles are 

only absent from the frigid waters of the polar regions. 
They swim incredible distances on migration routes 
between feeding grounds and nesting sites —- locations 
that are often hundreds of miles apart. As a result, they 


S ea turtles are among the most iconic animals 


have evolved differently from their freshwater relatives. 


The most obvious difference is in their size: sea 
turtles grow significantly larger than pond- and 
river-dwelling varieties. Their streamlined, fusiform 
bodies aid their long-distance swimming, although 
this difference in anatomy means that sea turtles are 
unable to withdraw their heads and limbs into their 
shells like other turtles. 

Human activity poses a significant threat to sea 
turtles. Predators that pick off helpless hatchlings on 
the beach pale in comparison to the ongoing dangers 
of fishing nets, pollution, coastal development and 
climate change. These man-made problems are by far 
the biggest cause for the decline in turtle numbers. 
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7 species of sea turtle 


From colossal leatherbacks to pint-sized Kemp’s ridleys, our 
oceans are home to seven species of sea turtle, 
each with their own distinct evolutionary traits 









Fourth heaviest reptile 


Unlike other sea turtles, the shells of leatherback 
turtles are covered in leathery skin; this makes them 
easy to distinguish from the likes of loggerheads and 
green turtles, which have tough bony carapaces. 

These turtles are also much larger than their hard- 
shelled cousins. Leatherbacks are the fourth heaviest 
reptiles in existence, beaten to the top spots by three 
different kinds of crocodile. 


LEATHERBACK SEA 
TURTLE 
Dermochelys coriacea 
Size 183cm (72 inches) 
Diet Jellyfish 


Conservation status 


a 
EW CR EN (0) NT (Lc 


VULNERABLE 


It is estimated that a 
idaligeme)mre)i Mtl alia ere\olz4 
jdUlau(ciom ate\V{elale[=ssincre| 
plastic - the animals 
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iio oe plastic bags littering 
. %. the ocean for 
“te jellyfish 





Spends 85 per cent of 
the day underwater 


Well-equipped to spend life at sea, loggerhead turtles spend 
85 per cent of their day underwater and can remain submerged 
for four hours before coming up 
for air. 

The omnivorous swimmers 
aren’t particularly picky about 


7 oSy 
HAWKSBILL SEA 
TURTLE 
Eretmochelys imbricata 
Size 89cm (35 inches) 
|b) (= mslele)ale[=ow-1p\e Keli al-\a 


invertebrates 
Conservation status 


LOGGERHEAD SEA 


TURTLE 
Caretta caretta 









, ee es what they eat: their diets are the i i 
y.. . Size 110cm (43 inches) 
& ap EXLEW cr EN WO) ee a es ge most diverse of all sea turtles, Diet Invertebrates and plants 
~ 2. ¢ ‘9 with meals ranging from squid Conservation status 
,- ( | 
“ee a4 to sea cucumbers. Loggerheads =x VEW NT Le 
St h , have even been known to eat oOo 
: VULNERABLE 
omacns venomous prey hatchling turtles. 
This turtle’s mouth is hooked like a Some of the invertebrates that the 
hawk’s beak, hence the name. The hawksbill turtle eats are venomous, Po —_—— 


plates on its back (known as scutes) 
overlap near the back flippers, 
giving the bottom ofits shella 
serrated look. 


Turtles by size 


These reptiles come in all shapes and sizes 


Leatherback sea turtle 
183cm (72 inches) 


and its own flesh can become 
poisonous as a result. Unfortunately 
this hasn't stopped people from 
hunting and eating the reptiles. 


Green sea turtle 
114cm (45 inches) 
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Flatback sea turtle 
99cm (39 inches) 


Loggerhead sea turtle 
110cm (43 inches) 
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DID YOU KNOW? The shape of Hawksbill turtle beaks enable them to reach into small holes in coral reefs to find food 


Sun-seekers that 
bask on land 


Green turtles are the largest members 
of the Cheloniidae family. They are 
the only herbivorous sea turtles - 
while young green turtles will eat 
invertebrates like crabs and sea 
sponges, their diet becomes plant-based 
when they reach maturity. 

Another distinguishing trait of green 
turtles is their habit of sunbathing. 
While most sea turtles only leave the 
sea to lay eggs, green turtles enjoy 
basking on land. 





















So °° 


CRITICALLY ENDANGERED 








— er ean — / The shells and 

= = . famovmelg=-lameelad(=33 
Rarest species of oon a aes 
ENDANGERED Their name comes 


Sea turtle ———— from the green 


(oxo) (o)0] c-to Mm r-lanielelave| 





As well as being among the in the wild, mostly in the Gulf of lol-Yal-tolvalvalclig 
smallest species of sea turtle, Mexico. The greatest dangers to carapaces 
the Kemp’s ridley is the most dwindling populations of Kemp’s 


endangered. It is estimated that ridley are over-harvesting of eggs 
only 1,000 nesting femalesareleft and fishing nets. 


Flatback turtles 
lay fewer eggs 
ivat-]amelual-l@nsare) 
turtles, but their 
larelKelal liar |smare\ic) 
better chances of 


Home-dwellers © He 
avoid long distances 


Flatback turtles have flat carapaces, 
distinguishing them from other species. M th t t 
They can also be recognised by their ums ga er oO nes 
pale grey-green colour and the upturned 


edges of their shells. This species has the in numbers 


eonsemy smallest geographic range of any sea turtle. 
EW CR EN WO) NT (Lc) They do not undertake the lengthy ocean Olive ridley sea turtles are famous for their mass nesting 











‘DATA DEFICIENT migrations associated with other instincts. The reptiles are the most abundant sea turtles in 

<a sea turtles. the world and gather in huge 
numbers on the same beaches 
where they first hatched, with OLIVE RIDLEY SEA 
thousands of mothers laying their Waid i 

epidochelys olivacea 
eggs over the course of a few days. Size 70cm (275 inches) 
These turtle gatherings are a Invertebrates, fish and 
5 ‘ algae 
known as arribadas (Spanish for Peaeaerr ete 
‘arrival by sea’). Kemp’s ridley 
sea turtles also perform these 
Hawksbill sea turtle Olive ridley sea turtle Kemp’s ridley sea turtle nesti P @DOo iNT Lc) 
: ‘ : esting processions. VULNERABLE 
89cm (35 inches) 70cm (27.5 inches) 65cm (25.5 inches) 
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Trouble at sea 


The fact that six out of seven sea turtle species are classified 

as threatened or endangered is almost exclusively down to the 
actions of humans. Although different species are affected - 
by different issues due to their geogray ical 
diversity, some of the most devastatin 
turtles include entanglement in fishing eqt 
coastal development, marine (olcleyatsmoractetel pol Via(eyel 
global warming. 

The incidental capture of turt 
bycatch) is generally thought to be tl 
turtles. Turtle excluder devices (TEDs) attache 
potential to eliminate this problem. However, since there is no 
legislation to ensure that shrimp trawlers and other fishing boa 
use these devices, turtles continue to become entangled in mets 
and drownasa result. 

Climate change is another worrying phenomenon that 
threatens sea turtles. Because turtle gender is dependent on the 
temperature of the sand incubating their eggs, warmer weather 
results in a disproportionate number of female turtles. Without 
enough males for those females to mate with, overall turtle 
numbers will inevitably continue to decline. 


























Sea turtles in numbers 


Sea turtle populations around the world might be low, but some of the other 
figures documenting these remarkable rope are shaecl sa ialela) 


5 26144 110 9 1% 2744 so000| 


metres : MILLION | MILLION | MINUTES. Likelihood of : Longest ever : sea turtles 


Length of the _ Highest number of Number of years Time between | aseaturtle — migration journey, Number of sea turtles 
pis mph ofa _largestseaturtle green tur tle eggs | that sea turtles have _  heartbeatsofa = surviving until | achievedbyaPacific __killedin Southeast Asia and 
swimming seaturtle | everrecorded : laid in a year : been around »  restingseaturtle | sexualmaturity _  leatherbackturtle = the South Pacific every year 


—¥ 





DID YOU KNOW? As reptiles, sea turtles breathe air, but they have the ability to remain underwater for hours at a time 
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Turtles under threat 


Olive ridley turtle 
Location: West Indian Ocean 


In 2011, the International Union for the Conservation of Key nesting sites ca dora 
Nature (IUCN) produced a report highlighting the 11 most 

5 Inthe eastern Indian state of Odisha, 
threatened sea populations ; olive ridley turtles arrive in staggering 








numbers, laying their precious eggs 
along the Bay of Bengal coastline. 


oo aes 
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turtle populations 


Loggerhead turtle 
Location: Northeast Atlantic 
Ocean 
Key nesting sites: Cape Verde 


The third largest loggerhead 
turtle nesting population can 
be found on Cape Verde. Turtle 
watching tours here providea 
humane alternative to income 
from illegal poaching. 






Atlantic 
Ocean 









Indian ( 


Leatherback turtle Ocean 


Location: East PacificOcean 
Key nesting sites: Mexico, Costa 
Rica and Nicaragua 





The far-travelling leatherback turtle 
has established several important 
nesting sites in Mexico and Central 
America. Conservation work helps 

tosecure future generations of these 

Pacific giants. 





East Pacific 
Ocean 

E Hawksbill turtle 
a Location: East PacificOcean Hawksbill turtle 
E Key nesting sites: E] Salvador, Location: East AtlanticOcean Loggerhead turtle 
8 Nicaragua and Ecuador Key nesting sites: Congo and Sao Tome Location: Northeast Indian Ocean 
2 and Principe Key nesting sites: Sri Lanka, 
% Apopulation ofhawksbillsea turtles Bangladesh and Myanmar 
3 was discovered hiding in the east There are two populations of hawksbill 
3 Pacific's mangrove estuariesin2011. turtle, both ofwhich are considered critically This sub-population is listed by IUCN 
g Since then the habitat has been labelled endangered. It can take 20-40 years for these as Critically Endangered due to the low 
e animportantsite for the survival of turtles to mature before theyare ready number of mature adults (around 25-50 
8 the species. tomate. individuals remain). 


DID YOU KNOW? Cooler incubation temperatures produce male hatchlings and warmer temperatures produce females 


Olive ridley turtle 
Location: Northeast Indian Ocean 
Key nesting sites: India 


This part of the world has a long history 
of commercial egg harvest andan 
interest in turtle meat and byproducts. 
This adds to the already existing 
pressure of egg predation from 
other animals. 








Loggerhead turtle 
Location: North Pacific Ocean 
Key nesting sites: Japan 


Yakushima Island in Japan is 
animportant stronghold for 
loggerhead turtles. After nesting, 
they migrate the full length ofthe 
Pacific to feed off the coast 
of Mexico. 


West Pacific 
Ocean 





Olive ridley turtle 
Location: Northeast Indian 
Ocean (arribadas) 

Key nesting sites: Indiaand 
SriLanka 


This is one of the largest 
arribadasites for the olive 
ridley turtle in the world, where 
females will gather ashore 
to lay their eggs. So many 


(ome) 
Bee ed throug 


Avoid plastic 
bags 
Plastic bags often 
end up in the 
sea, endangering 
turtles. Buy 
reusable bags 
Tasieclen 


eggsin one place leaves them b Keep 
vulnerable to the threat ‘aches 
Clean 
of poachers. Ones 
Qanise 
9 Seaside 
tidy-up to 
Prevent 
turtles 
becoming 
tangled jn 
rubbish, 
West Pacific 
Ocean 


Use natural 
cleaning 
Products 
alate] 
olleYe[-Teleste eToys 
alternatives 
to chemical- 
based cleaning 
Products, which 
contribute to 
Ocean pollution, 


urced seafood 
companies who fish 
n regulations. 


Choose ethically so 
Only buy seafood from @ oe 
Precelcellacmey Nviitellitsmoco 





Hawksbill turtle 
Location: West PacificOcean 


Hawksbill turtle 
Location: Northeast Indian 


Ocean Key nesting sites: Malaysia, Indonesia 
Key nesting sites: India, Sri and Philippines 
Lankaand Bangladesh 


The largest nesting area for this 
population is at Turtle Islandin Sabah, 
where females make around 500-600 
nests per year. Although itsounds a lot, it 
actually isn’t many. Other species are able 
to produce hundreds of thousands of nests 
atsome sites. 


Hawksbill turtles are heavily 
targeted by illegal wildlife traders 
for their beautiful patterned shells. 
Marinelife Alliance in Bangladesh 
helps to safeguard the critically 
endangered animals. 


een 
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DID YOU KNOW? ‘Monta’ means Dionket or cloak in Spanish, describing manta rays’ large, flat bodies 
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~ MANTA RAY 


WW (lela olewexcvetdlcpeatcDolecneymuatcnelacrsDobm cavstcldetsDalecen tcDeccnmercls 
they could cover your car with their fins, but only to be 
feared if you're plankton 
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Wings of the ocean 


The genus Manta contains two species: M. birostris the giant 
oceanic manta ray, and M. alfredi the reef manta ray. Both 
species are truly supersized, with wide, flattened bodies, long 
i (Tave(=ten ll cere lave mexe)(eysst-] MUla(el0) clu] ale M oy-teixe)¢-)] Milalcmuar-lme)i(e(-} 
through the water, looking like giant wings. 

The giant oceanic manta ray is a migratory species, andican 
travel vast oceans following ocean-current highways in search 
of choice feeding grounds. The resident reef manta is more of a 
homebody, preferring to stay closer to shallow waters. They are 
solitary creatures, and only really come together to breed. These 
interactions can often begin at feeding areas, or at ‘cleaning 
stations’ - areas of coral reefs where cleaner wrasse and shrimp 
feed on parasites on the manta’s skin. 

Mating seasons vary across the world, and after around 13 
months’ incubation period, the young ray is born. Manta rays are 


The giant oceanic manta ray 


ovoviviparous, which means the eggs develop within the womb 
and the mother gives birth to one or two live young. The baby 
rays (often as big’as over one metre across) will stay in shallow 
water for several years until they’re large enough to face the big 
Ure (-meler=y-] 08 

Their brains are some of the largest relative to size in the 
ocean realm, and as larger brains are commonly related to higher 
function this indicates iv arclmdalcMant-lale-M-]¢-Wag\-Mevean)e)(-1n-Me)e) ele -j1 (2) 
of ‘simple giants’. 

These brainy beasts feed on plankton - tiny microscopic 
creatures suspended in the water. The rays will open their 
mouths wide, ‘and let the water pass over their gills as they filter 
out tasty morsels. Mantas will eat around 13 per cent of their 
body weight each week. Feeding can get super dynamic, with the 
rays making loop-the-loops and corkscrew spirals in the water. 
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This species of 


ma 
ocean wanderer. 


They cruise the 
tropics looking 

for plankton-rich 
waters to feedin, 
and can cover huge 


Manta markings 


Ocean habitat 


ntaisanopen 


distances. 





WW Fel alte eier~ a) 
sense electric 
fields in the 
water, 
Fliwavelere|amualisy 
trait is less 
developed 
than in other 
species 


The giant oceanic manta 
ray has grey/brownand 
white colouring, and often 
hasa T-shaped marking 
onits back (knownas the 
‘dorsal’ side). 


Gentle giants 

The giant oceanic ray is the largest of 
the two species. Ithas a‘wingspan’ 
that, inthe largest specimens, can 
reach over nine metres (30 feet) wide. 











The reef manta ray 

















Body pattern Smaller size 
WU sT-xeleyect-VES(e(cnovanels The reef manta 
reef manta raysare ray is the smaller 
soatolad (cxeMoyaoynveu-verel ofthe two species, . 
grey like the giant « butisstilla huge 
species, but they -- marine animal, 
often have Y-shaped withawingspan 
markings and spots. ~ ofup to 4.5 metres 
(15 feet). 
a = Reef dwellers 
/ The reef manta 
, “a can be found F 2 We i 
he, lvinginnear | “Their brains are some of the 
shore productive 
. environments in " ' ' 
a > )~ thetropies such | | IGrgest relative to size in the 
as reefs, atollsand i h | 
islands as wellas 
. ae ocean reaim...the complete 
' ' " ”" 
opposite of simple giants 
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DID YOU KNOW? Because of their size, very few aquariums can accommodate moantas, so there are not many in captivity 












Conservation projects 


7 on 3 Graham Hillisa science officer at The 
Deep ‘submarium’ in Hull. He spoke 
to usin 2016 as his team geared up for 
Phase 2 of the manta conservation 

. | projectin Sudan. 






Howare the manta populations in Sudan, and what 
threats do they face? 

The red sea area in Sudan is very remote, and 
there is a lot of fishing and illegal shark fishing. 

It has been illegal in Sudan for quite some time, 
but there’s a strange quirk in the legislation where 
you can still sell their meat at the market. The 
main threat in Sudan is the encreachment of large 
recreational diving operations from the north. 
Because there's very little information about the 
manta population, the first thing to do is obtain 
baseline data where there has been relatively low 
impact by humans, which is a very rare situation. 
We can get that info and use it to manage the area. 


What was involved in phase 1 of the project? 
We're looking at the seasonal aggregations of manta 
ray into Dungonab Bay in Sudan. We had two 
techniques in our first phase - one is using acoustic 
tags implanted in the ray, alongside a seabed- 
monitoring network. Any tagged rays will give a ping 
when they come within 500 metres of a monitor, 
Hofefeabotembancoyaestcluloyee-lole\vimidetcnateslcmm-bavvests le 
direction, etc. We have 20 monitors in the bay, 
and 20 monitors situated on seamounts along the 
coastline. We tagged 22 manta rays in phase 1, but 
we've not been back to collect the monitor data yet. 
We also tagged three manta rays with satellite 
tags that can give us real-time info about where an 


animal is going. When they come up to feed and the 
tag is exposed to air, they download info and we 
can analyse the data. We want to get as much info 
as we possibly can, so when we tag them we take 
measurements, and on the males we check their 
claspers to see if they're sexually mature. 

The local dive operators are also really 
enthusiastic about our project. The divers takea 
survey of all the species they see and collect a huge 
amount of data for us. 


Have you found anything significant from phase 1? 
At the moment we are still in the early stages as 
most of the monitors are still on the seabed! But we 
do have the tracks from the satellite tags. We know 
certainly that there’s very little change in their 
behaviour once they've been tagged, which is great. 
We have also taken tissue samples of 35 manta 
rays, but one of the ones we looked at looked 
slightly odd - and it seemed to have some 
characteristics of the reef manta but also of the 
giant oceanic manta. The two species of manta 
ray were thought to reproductively isolated but 
we found that this individual (which is backed up 
by genetic analysis) is actually a hybrid of the two 
species — the first time it’s ever been recorded in 
manta rays! 


When is phase 2 happening, and what's involved? 
We are hoping to do two fieldwork sessions this 
year, one next month to get the seabed monitors 
back up and running - we need to locate them, 
loyanatead ol-veoMer-(equloma(ccbemmalceemmoloyniael (or-lomuals) 
data and then return them. The socioeconomic 
side involves doing workshops with the Sudanese 
authorities and universities to maintaining the 
monitors and using GPS to locate the mantas. 
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Inside the 
manta ra cis 
The gills are full of blood vessels 


that absorb the oxygen from the 
















With sandpaperlike water as it passes over them, 
and let the water carry away 

skin and covered ina carbon dioxide from the blood. 

layer of protective mucus, 

manta rays have some 


fascinating physical 
properties. The slime 
helps them to keep 
parasites at bay and ward 
offinfections, which is 
why you should never Beene 


: r Part of th t i 
touch a manta ifyou're centralskeleton that 
provides support to 
lucky enough to come the gill bars and gills. 
across one 





Oesophagus 

Seawater enters the mouthand 
is pushed over the gill plates 
-when the manta has filtered 
enough plankton it closes its 
mouth, coughs to dislodge the 
plankton and swallows it. 


Liver 

As wellas their 
light cartilaginous 
skeleton, an extra oily | 
liver helps to keep the |~ 
manta rays buoyant. 














INFANCY JUVENILE MATURITY 






Live birth O years Infancy 1 year Shallow living 1-5 years Growth spurt 2-15 years Reproductive age 10-20 years Mating season 21 years 
Having developedinanegg Theinfant’s pectoral Manta rays show no Inits firstyearthe pup doubles Mantas becomesexually Mating season happens at 
caseinsidethewomb, baby __finsare folded onits parentalcare,sooncethe insize.Thenext fewyearsare mature at over ten years, different times across the 
mantas (pups) are bornin back when it’s born, 1.5m (4.5 feet) long pup spent feeding and growingin when they will be able to world. Males will chase 
shelteredwatersofabayor andsoitmustlearnto  isbornitfends foritself, theshallowsbeforeventuring reproduce. Males develop females for long periods 
lagoon. use them instantly. living in the shallows. into the open ocean. extended, calcifiedclaspers. before mating. 


124 


DID YOU KNOW? Monta rays have the largest brain-to-size ratio of any cold-blooded fish 














Dorsal fin 
Asmall dorsal fin is located jus. 
above the base of the tail, thougt. 


to aidin stability and streamlining 
when the manta ray isswimming. 


Tail 
The mantas have long, tapering 
tails that extend behind them 














bp alaraeed as they swim. Unlike their 

ee ae rg stingray cousins, mantarays 
eects. do not havea poison barb at the 
flexible, fibrous and ae 

: F : SeleKoauelopa rele 

lightweight cartilage 

instead ofthe dense 


Cephalic lobes X ‘ mS 

Manta rays are sometimes called AX _ 
‘devil rays’ because their cephalic 

lobes slightly resemble horns. The 
flexible lobes can move to work as 
a funnel, channelling plankton- 
rich water into the mouth. 


bone of other fish. 


















Filter plates 
These feathery looking plates 
surround all ten ofthe manta rays’ 
gillslits. They are thin cartilage 
filaments that trap the plankton from 

» the water as it passes over the gills. 


Pectoral fins 

The colossal, super-flexible pectoral fins move almost 
like wings, to propel the ray at surprisingly fast 
speeds through the water. They can reach swift burst 
speeds of 35 kilometres per hour (21.7 miles per hour). 


Manta dentition 


Despite feeding by filtering plankton-laden water, manta 
rays do have teeth. In fact, they have around 300 of them 
- tiny little pinhead-like structures arranged on their 
lower jaw and often indistinguishable from the ray’s 
rough skin. As they’re not used for eating, it’s thought 
that these teeth may play a role in reproduction, as the 
male will bite down on one of the female’s pectoral fins 
olbbabetemoet-lubeten 


Closest family 


Closely related to the manta ray are... 


Be 
L= 
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Senses 


Manta rays have good eyesight with a 
wide field of vision. They have tiny pores 
on their heads that allow sound waves to 
reach their inner ears, and they also have 
nostrils and are able to taste and detect 
chemical signatures in the water. Mantas 
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Mobula ray Whale shark Eagle ray 
are also able to sense electric fields in the Mobularaysbelong Whalesharksare The eagle ray is 
water, although this trait is less developed tothesamefamily partofthesame closely related 
in mantas than in other species. as mantas. There subclass, the 7 to the manta, 
areninespeciesof elasmobranchii, asa member of 
mobula ray. They which includes the superorder 
lookvery similar sharks,skatesand ‘batoidea’ which 
andfeedthesame _ rays.Likethegiant includes rays, 
way, but are much oceanicmanta skates and sawfish. 
Pregnancy 22 years Maturity 20-40+ years Death 40+ years smallerinsize. they’re colossal Eagle rays are 
“—__ Once pregnant, the female Afemale’sagecanbeguessed _It’snot known exactly howold Theycometogether open-waterbeasts, muchsmallerthan 
manta ray carries one from her matingscars,where mantarays live, butit’s hoped in huge groups, and they also mantas, andcanbe 
pup, or sometimes twins, males bite down on her fins. that they live long lives and and can beseen feed by filtering foundin shallow, 
fora gestation period of 13 Females can have one pup death is by natural causes and jumpinghighoutof plankton out of tropical waters 
months. every two to five years. not human threats. the water. the water. near coral reefs. 
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Habitat and threats 


With numbers declining significantly, manta rays face an uphill struggle for survival 


wi a\eMes(=r-] mnV7-18216oMe) Mage) e)(or-] i= ike) |(ow-]aleM=(e[6r-1Ke) a r-]| 
coastlines are home to the reef manta ray, 
where it cruises through the crystal blue shallows 
icoWilaremielole mm Mat-Melt-lalmmelex-t-lal (om par-lalt- Mc \Vmicce (=n) 
the deeper waters of the open ocean.There is 
plenty to be done to protect both species in their 
F-TelUrolu(om ale)ag(aicw 

Illegal and unsustainable fishing is one of 
the greatest threats to manta rays. They are 
incredibly slow growing and it takes a reef manta 
ray 10-15 years to reach maturity before it can 
even reproduce. To remove just one animal from 
id at-W ofe)ole)(-1a(o)aKer-]al ol-Me(-leiaat-lui ave MmOlalactele)t-1n-1eh 


(ON -laatallave mei 
manta rays has 
increased over the 
fey-]oj mre (-Yor-[e(c} 
because of the 
fol-Teat-lavemmceyanes| I 
rakers in China 
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[UTala=) exe) aucvem-larom||(cter-)maccialiavemaatciuatelelcmor-l era] 
thousands of manta rays to satisfy the demand 
for some traditional Eastern medicines, and 
thousands of rays per year are also entangled in 
nets and caught as bycatch by other fisheries. 
MB alow dialemeymalllaat-lamialc=lav/-lalu(e)amer-lams)o(=)| Mel ict-Kin-)g 
for the longevity of the species. 

Destructive fishing techniques such as gill 
nets, drift nets and purse seine nets for tuna 
and other commercially-fished species can 
also spell disaster for mantas, because once 
they become trapped, escape is impossible. 
Entanglement in marine debris is also a huge 








problem. As such huge animals, once they have 
lof-Yoxolan\-M=larsiar-lacve Mam iiaecver-lare mM ceye[U(maiialiale] 
nets it is very difficult for them to get free. They 
can’t swim backwards, and rays need to have a 
constant stream of water flowing over their gills 
to survive. This means that severe entanglement 
can mean the ray will drown. If the manta can 
swim free, nets can get caught on their bodies, 
Toarclinaliaremuat=vanW-laceMaar-ldiaremuat-iaamvelial-ie-]e)(-mne) 
infection. There are many stories from manta 
conservation charities about rays approaching 
divers who are able to cut them free of their 
entangled nets. 


DID YOU KNOW? Monta rays con be individually identified by the unique spots on the underside of their bodies 





Environmental factors 


Challenges facing the manta ray’s habitat 








Habitat destruction 
AViVta otoleimaet-yeq@etsloyic-hapeet-Beltctcpetcar(cy 


-)| nowhere to go. Coral reefs face many threats, 
imp beleltb(obbotea-v.col-ispeltloel-velmaupecroia-vetel 

4 sedimentation from land, rising seawater 

| temperatures and destructive fishing. 


Climate change 

Warming ocean temperatures and ocean 
EVes(ebuiterclutoyouer-bemercwbly-naueye- Vato tRI0) 
undergo ‘bleaching events’, where the heat 
stress kills off the coral. Inturn this causes 
a huge decline in the reef ecosystem. 


“Tllegal and unsustainable 
fishing Is one of the greatest 
threats to manta rays” 
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Marine debris 

Floating fishing nets and other garbage 

in the water spells out disaster formanta 
be-\yccpe-beloU-yourcbated(yaal-seimipacrjoreyerste) (-Bieyg 
the deaths of far too many rays worldwide, 
whether it is intentional or not. 


Unregulated tourism 

Iftoo many people visit and dive inthe 
bustcbalecWcpatcloucclinnisiaeloloimeeel-yecir-veveuberss 
its fragility, and even touch or ride 

the rays (which should never be 
attempted), it can have a severe impact. 


Nearest 
neighbours 


Check out the other critters 
that share the manta’s 
watery home 














Suckerfish 

Wherever the manta ray goes, 
thesuckerfish goes too. These 
fish, called remora, attach 
themselves using asuction 
plate on their heads. They hitch 
aride, and take advantage of 
idat=y oyaolccragloyen-belemColelouuot-la 
this offers. 

















Plankton 

These microscopic organisms 
are the manta ray’s favourite 
Siofele lu ecbelcaneyenerDewa-yopaelelelacs 
quickly and result in large 
numbers knownas ‘blooms.’ 
Rays suckin water and filter 
out the tiny creatures fora 
tasty meal. 





Tiger shark 

Due to their huge size and 
passive hunting strategies, 
mantas have few natural 
predators. However, there are 
some large fish that will try to 
take them down, including the 
feisty tiger shark, great whites 
and killer whales. 











Cleaner wrasse 

Reef cleaning stations arean 
sbosvoloyan-volmer-vamoyanel-peot-balr-us 
life cycle, where they come into 
contact with other rays. Fish 
like the cleaner wrasse nibble 
away any parasites on the 
manta’s skin. 
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